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LETTER  OE  TRANSMITTAL 


United  States  Department  of  Agriculture, 

Bureau  of  Chemistry, 
Washington,  D.  C,  February  15,  1910. 
Sir:   I  have  the  honor  to  submit  for  your  approval  the  results  of 
a  series  of  investigations  made  by  the  chief  of  the  miscellaneous 
division  of  this  bureau  in  regard  to  the  injury  to  vegetation  and  ani- 
mal life  observed  in  the  vicinity  of  certain  smelters,  particularly  one 
located  at  Anaconda,  Mont.     The  original  report  was  issued  in  May, 
1908,  and  has  now  been  revised  to  include  a  second  investigation 
subsequently  conducted  at  Anaconda.     These  studies  have  been  made 
in  this  bureau  from  time  to  time  during  the  past  eight  years  in  coopera- 
tion with  the  Bureau  of  Forestry  in  the  preservation  of  the  forests  and 
the  protection  of  the  farming  interests.     I  recommend  that  this  report 
be  published  as  Bulletin  113,  Revised,  of  the  Bureau  of  Chemistry. 
Respectfully, 

H.  W.  Wiley, 
CJiief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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INJURY  TO  VEGETATION  AND  ANIMAL  LIFE  BY 
SMELTER  WASTES. 


INTRODUCTION. 

PROCESS    OF    EXTRACTING    METALS    FROM    ORES. 

Before  considering  the  injurious  effects  which  wastes  from  plants 
smelting  sulphid  copper  ores  may  have  on  vegetation  and  animal  life, 
a  brief  account  will  be  given  of  the  process  generally  used  to  extract 
the  metal  from  the  ores,  ^or  this  purpose  an  outline  of  the  process 
followed  at  Anaconda,  Mont.,  will  be  given,  which,  though  differing 
in  some  details  from  the  process  used  at  other  plants,  is  based  on  the 
same  general  principles  and  produces  similar  waste  products. 

The  ores  when  they  arrive  at  the  plant  are  graded  as  first  and  second 
class,  the  former  being  sent  to  the  bins  of  the  blast  furnaces  and 
the  latter  to  the  concentrator  bins.  The  second-class  ores  are  next 
sampled,  crushed,  and  passed  over  jigs,  by  Avhich  process  a  product 
richer  in  copper,  known  as  the  "  concentrates,"  is  obtained. 

The  reject  from  the  jigs  is  crushed  again  and  passed  over  jigs  fitted 
w^ith  finer  screens,  "  concentrates  "  being  again  obtained.  After  ex- 
tracting all  that  can  be  taken  out  by  the  jigs,  the  ore  is  again  crushed 
and  passed  over  the  Wilfley  tables,  thus  giving  rise  to  the  "  table  con- 
centrates." The  concentrates  are  sent  to  a  bin  at  the  foot  of  the 
concentrator.  There  remain  in  the  water  used  for  concentration  some 
fine  particles  of  valuable  material,  and  this  is  allowed  to  flow  into 
ponds  outside  the  plant,  where  the  fine  particles  settle  out  in  the  form 
of  "  slimes  "  and  the  water  is  finally  drawn  off.  The  slimes  are 
briquetted  and  blast-smelted.  The  waste  products  from  the  con- 
centration are  known  as  "  tailings."  These  tailings,  consisting  princi- 
pally of  silica,  iron,  etc.,  with  small  quantities  of  copper  and  arsenic, 
in  case  the  latter  is  present,  are  discharged  on  the  dump  heap. 

The  concentrates  are  dumped  into  roasting  furnaces,  where  large 
quantities  of  sulphur  and  arsenic  are  driven  off,  the  former  as 
sulphur  dioxid  and  trioxid  and  the  latter  in  volatile  form.  The 
residue,  now  known  as  "  calcine,"  is  transferred  to  reverberatory 
furnaces.  This  process  yields  (1)  a  slag  consisting  principally  of 
silicates  of  iron  and  calcium  with  very  small  quantities  of  copper; 
(2)  a  product  richer  in  copper  known  as  "  matte;"  and  (3)  volatile 
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arsenic  and  sulphur  products  which  are  carried  to  the  flue.  The  slag 
is  granulated  in  water  and  passed  to  the  dump.  The  ''  matte  "  is 
carried  to  the  converters,  where  it  is  treated  in  the  same  way  as 
"  matte  "  from  the  blast  furnaces. 

The  blast  furnace  receives  a  charge  consisting  essentiall}^  of  the 
high-grade  ores,  converter  slag,  briquettes  of  siliceous  fines  and 
slimes  from  the  concentrator,  limestone,  and  coke.  A  large  part  of 
the  sulphur  passes  off  to  the  flue  as  sulphur  dioxid  and  trioxid, 
and  large  amounts  of  arsenic  are  volatilized.  The  iron  and  silica 
in  the  ore,  together  with  the  lime,  form  a  slag  (containing  a  very 
small  amount  of  copper)  which  is  granulated  in  water  and  carried 
to  the  dump ;  the  copper  forms  a  "  matte  "  consisting  principally 
of  a  combination  of  copper,  iron,  and  sulphur.  This,  together  Avith 
the  "  matte  ''  from  the  reverberatory  furnaces,  is  next  carried  to  the 
converters,  the  lining  of  which  is  a  siliceous  material  that  lasts  for 
several  runs. 

In  the  converter  the  sulphur  which  is  present  in  the  '•  matte  ''  is 
oxidized  to  sulphur  dioxid  and  trioxid  and  escapes  up  the  flue,  the 
remaining  arsenic  is  volatilized  and  also  goes  np  the  flue,  while  the 
iron  unites  with  the  siliceous  lining  to  form  a  slag  which  is  returned 
to  the  blast  furnaces,  since  it  is  a  good  flux  and  also  contains  con- 
siderable quantities  of  copper.  The  copper  obtained  by  this  process 
is  carried  to  the  preliminary  refining  apparatus,  where  air  is  passed 
over  the  molten  mass  to  remove  traces  of  sulphur  and  the  small 
amount  of  slag  Avhich  was  not  taken  out  in  the  converters  is  also 
eliminated.  During  this  process  some  copper  oxid  is  formed,  but 
upon  stirring  this  is  again  reduced  to  copper  by  the  carbon  of  the 
converter  poles.  In  this  condition  the  copper  is  cast  into  ingots, 
which  are  sold  to  refineries  not  situated  at  Anaconda. 

The  fumes  from  these  processes  are  passed  through  long  cooling 
chambers  in  order  to  condense  the  volatilized  compounds  of  arsenic 
as  far  as  possible,  but  in  spite  of  this  precaution  large  amounts  of 
arsenic  escape  from  the  toj^  of  the  chimney.  Xo  attempt  is  made  to 
recover  any  of  the  sulj^hur  compounds. 

RESULTANT  WASTES. 

From  this  brief  description  of  the  process  used  at  Anaconda,  it 
will  be  evident  that  four  wastes  arise  which  may  be  injurious  to  plant 
or  animal  life. 

(1)  The  sulphur  contained  in  the  ore  is  gradually  given  off  dur- 
ing the  various  processes  of  smelting,  as  sulphur  dioxid  and  a  little 
sulphur  trioxid,  which  would  have  their  injurious  action  on  vegeta- 
tion. 
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(2)  In  case  arsenic  is  present  in  the  ores,  as  it  often  is  and  notably 
c  inaconda,  it  is  given  off  in  the  fumes  from  the  smelter  in  volatile 
form  and  deposited  on  the  surrounding  land  and  crops,  where  it  may 
be  present  in  sufficient  amounts  to  jDoison  cattle  browsing  on  exposed 
ranges,  or  living  on  hay  cut  from  such  pasture. 

(3)  The  tailings  from  the  water  concentration  of  the  ore  and  the 
slag,  in  a  finely  divided  condition,  are  discharged  on  a  dump  heap 
through  which  the  water  from  the  plant  is  constantly  percolating  on 
its  course  to  adjacent  streams  and  the  "  slimes  "  are  left  in  piles  in 
the  open  air.  Both  the  slime  heap  and  the  dump  are  also  exposed  to 
the  percolating  action  of  the  rain.  In  consequence,  the  streams  re- 
ceiving the  waste  water  from  concentrating  and  smelting  plants  con- 
tain a  comparatively  large  amount  of  copper  in  suspension  and  are 
apt  to  hold  some  copper  in  solution.  If  these  streams  are  used  for 
irrigating  purposes  there  is  a  possible  source  of  injury  to  growing 
crops  due  to  the  action  of  the  copper  present. 

(4)  Finely  divided  particles  of  the  ore  are  discharged  from  the 
smelter  stack  and  settle  on  the  surrounding  country.  These  fine  par- 
ticles of  flue  dust  may  contain  sufficient  amounts  of  copper,  lead,  and 
zinc  to  injure  vegetation,  because  of  their  toxic  action  through  the 
medium  of  the  soil  and  because  of  their  caustic  action  on  the  f  ;)liage. 
While  it  is  believed  by  some '^  that  the  action  of  this  so-crJled  flue 
dust  gives  rise  to  the  principal  damage  caused  by  smelter  smoke,  the 
writer  is  inclined  to  the  opinion  ^  that  such  injury  is  not  of  great  sig- 
nificance except  in  a  very  limited  area  about  the  smelter,  and  that  an 
investigation  of  it  is  in  most  cases  unnecessary,  as  the  owners  of  smelt- 
ers are  usually  perfectly  willing  to  admit  damage,  even  beyond  the 
area  likely  to  be  affected  by  the  solid  particles  of  copper,  lead,  and 
zinc  in  the  flue  dust. 

In  the  first  case  of  this  kind  studied  by  the  writer  in  the  vicinity 
of  Redding,  Cal.  (see  PL  I),  and  in  the  laboratory  at  Washington 
during  1903  and  1904,  no  complaint  had  been  made  of  the  injury 
from  arsenic  or  from  copper,  so  that  the  only  problem  considered 
was  the  action  of  sulphur  dioxid  and  trioxid  fumes  on  the  surround- 
ing vegetation.  The  results  of  this  study  and  the  original  investiga- 
tions connected  therewith  have  been  published,^  but  a  resume  will  be 
given,  together  with  certain  results  obtained  since  the  publication 
of  the  Redding  investigations,  in  order  that  the  reader  may  under- 
stand the  present  status  of  the  work. 

«Ebaiigh,  J.  Amer.  Chem.  Soc,  1907,  29:  951. 
^  Haywood,  Science,  1907,  26:  476. 

^U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  89,  Injury  to  Vegetation  by 
Smelter  Fumes,  1905. 
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EXPERIMENTAL   INVESTIGATIONS    RELATING    TO    THE    ACTION 
OF   SULPHUR  DIOXID   ON   VEGETATION. 

ORGANS  OF  THE  PLANT  THROUGH  WHICH  INJURY  TAKES  PLACE. 

In  carrying'  on  an  investigation  of  this  kind  it  was  first  necessar}' 
to  ascertain  whether  or  not  sulphur  dioxid  was  injurious  to  plant  life, 
how  small  a  (|uantity  was  injurious,  and  through  what  organs  of  the 
plant  such  injury  took  place.  Light  is  thrown  on  this  subject  by  the 
work  of  foreign  chemists. 

Freytag'*  sho\Yed  that  sulphur  dioxid  and  trioxid  do  not  injure 
the  plant  through  the  roots.  His  experiment  consisted  in  watering 
wheat,  oats,  and  peas  with  large  amounts  of  dilute  sidphurous  acid 
in  one  case  and  sulphuric  acid  in  another.  The  plants  neither  wilted 
nor  reduced  their  yield.  Von  Schroeder  and  Schmitz-Dumont  '' 
made  an  investigation  on  pines,  firs,  lindens,  and  Norway  maples  in 
1896,  in  which  they  treated  (1)  the  aerial  parts  of  the  plants  with 
sulphur  dioxid,  (2)  the  aerial  parts  of  the  plant  and  the  earth  with 
sulphur  dioxid,  and  (3)  the  earth  in  which  the  plant  was  growing 
with  dilute  sulphurous  acid.  They  also  showed  that  the  injury  to 
vegetation  by  sulphur  dioxid  is  not  through  the  roots,  but  through 
the  medium  of  the  leaves,  and  that  even  extremely  minute  quantities 
of  sulphur  dioxid  are  injurious. 

AVieler  in  his  work  entitled  ''  Untersuchungen  iiber  die  Einwir- 
kung  schwefliger  Saure  auf  die  Pflanzen,"  which  has  been  published 
since  the  Avork  at  Redding  was  done,  also  gives  numerous  experi- 
ments to  shoAv  that  minute  amounts  of  sulphur  dioxid  injure  plants 
through  the  leaves,  but  he  also  states  that  in  the  course  of  time  the 
sulphur  dioxid  and  trioxid  present  in  smelter  smoke  injuriously 
affect  the  soil  and  so  indirectly  injure  the  plant  through  the  roots. 
He  is  further  of  the  opinion  that  soils  subjected  to  the  action  of 
sulphur  dioxid  suffer  from  a  reduction  in  the  lower  forms  of  animal 
and  plant  life  which  are  so  necessary  to  the  series  of  natural  changes 
taking  place  in  normal  soils.  He  is  also  of  the  opinion  that  such 
soils  suffer  a  loss  in  bases,  which  eventually  causes  them  to  become 
acid,  as  not  enough  bases  are  present  to  form  humates  with  the  humic 
acid.  In  proof  of  the  latter  point,  he  has  taken  soil  samples  from 
the  vicinity  of  several  smelters  and  found  that  all  of  them  contained 
free  humic  acid. 

Wieler's  conception  of  this  additional  injurious  action  of  sulphur 
dioxid  on  the  soil  has  been  published  so  recently  that  the  writer  has 
not  been  able  to  investigate  the  subject  sufficiently  to  express  a  defi- 

o  Mitt.  d.  konigl.  landw.  Akad^,  Poppelsdorf,  1S69. 
^Thar,  forstl.  Jahrb.,  1896,  46:  1. 


INJURIOUS   AMOUNTS   OF   SULPHUR  DIOXID.  H 

nite  opinion  in  regard  to  its  merits.  It  would  appear,  however,  from 
the  work  done  that  Wieler  lays  too  much  stress  on  the  sulphur  dioxid 
injury  to  the  soil,  as  compared  with  the  injury  caused  by  the  sulphur 
dioxid  acting  on  the  foliage.  In  support  of  this  opinion  several  soils 
from  the  vicinity  of  a  smelter  were  tested  by  the  author.  These 
soils  Avere  taken  from  forest  land  where  certain  trees  were  practically 
annihilated  by  smelter  fumes,  as  proved  by  chemical  'analysis,  and 
yet  all  of  the  soils  gave  an  alkaline  reaction,  showing  that  there  had 
evidently  not  been  such  a  loss  of  bases  as  to  give  rise  to  free  humic 
acid. 

On  the  whole,  then,  the  work  done  undoubtedly  points  to  the  fact 
that  sulphur  dioxid  injures  vegetation  through  the  leaves,  but  whether 
it  injures  the  soil,  and  so  indirectly  injures  the  plant  through  the 
roots,  is  a  problem  which  must  be  studied  further  before  a  definite 
conclusion  can  be  reached. 

AMOUNT  OF  SULPHUR  DIOXID  THAT  MAY  CAUSE  INJURY. 

In  regard  to  the  amounts  of  sulphur  dioxid  in  the  atmosphere  that 
may  injure  vegetation,  Stockhardt"  showed  that  1  part  of  sulphur 
dioxid  to  1,000,000  parts  of  air  injured  potted  pines  seriously  after 
865  fumigations.  Freyag«  cast  doubt  on  Stockhardt's  data  by  his 
investigations,  and  Stockhardt's  Avork  was  repeated  by  Yon  Schroeder 
and  Schmitz-Dumont,"  who  showed  that  great  injury  was  inflicted  by 
fumigating  pines  109  times  with  1  part  of  sulphur  dioxid  to  100,000 
parts  of  air  and  that  injury  was  to  be  noted  on  fumigating  pines  583 
times  with  1  part  of  sulphur  dioxid  to  1,000,000  parts  of  air. 

The  details  of  the  work  done  by  the  writer  in  relation  to  injury  to 
pines  and  young  cowpeas  ^  by  sulphur  dioxid  show  the  following 
results : 

(1)  Pine  trees  fumigated^  6  times  with  1  part  of  sulphur  dioxid 
to  100  parts  of  air  shoAved  marked  injury.  All  of  the  needles  Avere 
drooping,  and  nearly  all  had  turned  yelloAV  or  broAvn. 

(2)  Pine  trees  fumigated  9  times  with  1  part  of  sulphur  dioxid  to 
1,000  parts  of  air  Avere  greatly  injured  in  the  same  manner  as  the 
plants  just  described. 

(3)  Pine  trees  fumigated  50  times  Avith  1  part  of  sulphur  dioxid  to 
10,000  parts  of  air  were  badly  injured. 

(4)  Cow^peas  fumigated  18  times  Avith  1  jDart  of  sulphur  dioxid  to 
10,000  parts  of  air  lost  all  their  leaves  and  could  not  be  revived,  al- 
though carefully  watered  and  tended  outside  the  fumigation  chamber. 

''Haselhoft"  and  Lindau,  Die  Beschadigung  der  Vegetation  dnrch  Raucli,  pp. 
58-66. 

*  U.  S.  Dept.  Agr.,  Bureau  of  Cliemistry,  Bui.  89. 
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(5)  Pine  trees  fumigated  50  times  with  1  part  of  sulphur  dioxid 
to  30,000  parts  of  air  showed  decided  injury. 

Since  the  above  work  was  performed  in  connection  with  the  in- 
vestigation of  1003-4,  described  in  Bulletin  89,  the  writer  has  con- 
ducted further  experiments  (during  1907)  to  test  the  effect  of  suljihur 
dioxid  on  vegetation.  A  fumigation  chamber  was  used  consisting  of 
a  wooden  frame  3  feet  broad,  3  feet  deep,  and  4  feet  in  height,  with 
glass  panes,  as  shown  in  Plate  II.  On  the  side  was  a  removable  door 
which  could  be  tightly  closed.  This  chamber  was  placed  over  various 
trees  about  3  feet  in  height,  just  as  they  grew  in  the  open.  The  sul- 
l^hur  dioxid  was  prepared  by  burning  carbon  bisulphid,  in  an  alco- 
holic solution,  in  such  amounts  as  would  give  definite  amounts  of 
sulphur  dioxid  in  relation  to  the  space  Avithin  the  chamber.  A  fan, 
run  by  dry  batteries  from  the  outside,  was  used  to  mix  the  sulphur 
dioxid  and  the  air.  Each  fumigation  was  continued  for  one  hour, 
when  the  chamber  was  removed  and  the  plant  allowed  to  stand  in  the 
open  from  fifteen  minutes  to  an  hour.  The  chamber  was  entirely 
removed  from  the  plants  at  night. 

Another  fumigation  chamber  of  exactly  the  same  construction  and 
size  was  placed  over  a  control  plant.  In  this  chamber  the  same 
amount  of  alcohol  was  burned  as  was  used  in  the  case  of  those  plants 
which  were  subjected  to  the  action  of  sulphur  dioxid.  A  fan  was 
also  used  to  mix  the  products  of  combustion  of  the  alcohol  with  the 
air  i^resent,  and  the  periods  of  fumigation  were  the  same  in  both 
cases.  In  this  way  the  control  plants  were  subjected  to  the  same  con- 
ditions as  the  treated  plants  except  for  the  presence  of  a  definite 
quantity  of  sulphur  dioxid. 

Following  are  the  results  obtained  on  fumigating  several  different 
trees  which  were  growing  in  their  natural  state  in  the  open : 

No.  5282.  Black  oak. — Fumigated  4  times  July  8  and  9  with  sulphur  dioxid 
1  : 1,000.  After  1  fumigation  the  leaves  were  wilted  and  streaked.  After  4 
fumigations  the  leaves  were  dry  and  brown.     The  control  plant  was  uninjured. 

No.  5284.  White  oak. — Fumigated  5  times  July  10  and  11  with  sulphur  dioxid 
1 : 1,000.  After  3  fumigations  the  leaves  looked  gray  and  withered.  After  5 
fumigations  the  leaves  were  gray  and  dry.     The  control  plant  was  uninjured. 

No.  5286.  Cedar.— Fumigated  twice  on  July  13  with  sulphur  dioxid  1 : 1,000. 
After  2  fumigations  the  leaves  looked  brown  and  drooped.  On  standing  over 
July  14  the  leaves  appeared  brown  and  dry.     The  control  plant  was  uninjured. 

No.  5288.  Chestnut.— Funugated  5  times  on  July  15  with  sulphur  dioxid 
1 : 1,000.  After  2  fumigations  the  leaves  began  to  turn  yellow.  After  5  fumi- 
gations the  leaves  were  yellow  and  dry.     The  control  plant  was  uninjured. 

No.  5290.  Black  o«A-.— Fumigated  14  times  from  July  16  to  July  19  with  sul- 
phur dioxid  1 :  10,000.  After  11  fumigations  the  leaves  were  turning  brown  and 
new  leaves  and  sprouts  had  died.  After  14  fumigations  all  leaves  were  brown 
and  dry.     The  control  plant  was  uninjured. 
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Fumigation  Chamber  for  Testing  Effects  of  Sulphur  Dioxid  on  Young  Trees. 
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No.  5292.  White  oak. — Fumigated  IG  times  from  July  20  to  oU.y  24  with  sul- 
phur dioxid  1 :  10,000.  After  2  fumigations  brown  spots  appeared  on  the  leaves. 
After  5  fumigations  the  top  leaves  were  dry  and  brown.  After  IG  fumigations 
all  the  leaves  were  dry  and  brown.     The  control  plant  was  uninjured. 

No.  o29Jf.  ScruJ)  pine. — Fumigated  twice  on  July  25  with  sulphur  dioxid 
1 :  10,000.  After  2  fumigations  all  the  leaves  were  brown,  dry,  and  dead.  The 
control  plant  was  uninjured. 

No.  5296.  Black  oak. — Fumigated  100  times  from  August  5  to  August  30  with 
sulphur  dioxid,  1 :  50,000.  After  20  fumigations  the  gloss  disappeared  from  the 
leaves  and  the  young  leaves  took  on  a  grayish  tint.  After  100  fumigations  all 
the  end  buds  were  killed.  The  younger  leaves  were  bleached  and  dotted  with 
brown  spots.  The  old  leaves  had  lost  their  gloss  and  were  bleached  in  spots. 
This  tree  was  observed  for  three  weeks  after  its  removal  from  the  fumigation 
chamber  and  no  new  growth  took  place.     The  control  plant  was  uninjured. 

No.  5298.  Scrub  pine. — Fumigated  34  times  from  September  3  to  September 
10  with  sulphur  dioxid  1 :  50,000.  After  9  fumigations  the  top  needles  were 
somewhat  bleached.  After  19  fumigations  the  top  needles  were  entirely  killed 
and  the  lower  needles  were  killed  at  the  ends.  After  34  fumigations  all  leaves 
were  brown  and  dry.    The  control  plant  was  uninjured. 

No.  5300.  Scruh  pine. — Fumigated  96  times  from  September  12  to  October  7 
with  sulphur  dioxid  1 :  100,000.  After  49  fumigations  the  ends  of  the  young 
needles  were  turning  brown.  After  96  fumigations  all  the  leaves  were  badly 
affected,  the  young  needles  were  brown  and  dead,  the  older  needles  dead  at  the 
ends.     The  control  plant  was  uninjured. 

The  investigation  of  the  effect  of  fumigation  on  plants  growing  in 
the  open  was  discontinued  at  this  point  on  account  of  a  pressure  of 
other  work,  but  will  probably  be  resumed  later  and  even  greater 
dilutions  than  1 :  100,000  will  be  used. 

SULPHUR-TRIOXID    CONTENT    OF    THE    FOLIAGE    OF    FUMIGATED 
AND  UNFUMIGATED  PLANTS. 

It  was  next  necessary  to  determine  whether  treating  plants  with 
sulphur  dioxid  increased  the  sulphur-trioxid  content  of  the  leaves  so 
that  it  was  present  in  larger  quantities  in  the  leaves  of  the  treated 
plants  than  in  those  of  the  untreated  ones.  As  a  necessary  consequence 
of  such  an  increase,  the  sulphur-trioxid  content  of  the  ash  of  the  fumi- 
gated plants  would  be  apt  to  be  higher  than  that  of  the  ash  of  the 
unfumigated  plants. 

In  the  work  of  Von  Schroeder  and  Schmitz-Dumont,  previously 
mentioned,  when  different  parts  of  the  plants  were  treated  with  vary- 
ing strengths  of  sulphur  dioxid,  the  sulphur-trioxid  content  of  the 
treated  plants  was  in  excess  of  that  of  the  control  plants  in  every 
case,  and  the  percentage  of  sulphur  trioxid  in  the  ash  of  the  treated 
plants  was  higher  than  that  in  the  ash  of  the  control  plants.  The 
same  Avas  found  to  be  true  on  making  analyses  of  the  pines  and  cow- 
peas  fumigated  by  the  writer.*^    Analyses  of  fumigated  plants  grown 

«  Haywood,  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  89,  p.  14. 
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in  the  open,  made  dnring  1907  since  Bnlletin  80  was  published,  give 
the  following  results: 

Table  1.— Effect  of  fumigating  trees  growing  in  the  open  icith  varying  strengths 
of  suljihar  dioxid,  as  shoivn  hy  the  sulphur  trioxid  determined  in  the  foliage. 

[Calculated  to  dry  basis.] 


Serial 

Description. 

Ash  in 

dry 
leaves. 

Sulphur  trioxid— 

No. 

In  leaves. 

In  ash. 

5282 
5283 

Black  oak  treated  with  sulphur  dioxid  1:1,000 

Black  oak  used  as  controL.  .  _. 

Percent. 

3.89 
3.68 
6.49 
5.94 
5.46 
6.06 
4.49 
4.60 
4.00 
5.55 
5.02 
6.41 
2.39 
2.25 
3.64 
3.98 
2.51 
2.69 
1.96 
2.05 

Percent. 

0.70 
.59 

2.01 
.57 
.48 
.35 

1.44 
.56 
.73 
.56 
.69 
.56 
.48 
.42 
.56 
.50 
.47 
.35 
.43 
.31 

Per  cent. 
17.99 
16.03 

5284 

White  oak  treated  with  sulphur  dioxid  1:1,000..      .    . 

5285 

White  oak  used  as  control ... 

9  59 

5286 

Cedar  treated  with  sulphur  dioxid  1:1, 000 

8  79 

5287 

Cedar  used  as  control 

5  77 

5288 

Chestnut  treated  with  sulphur  dioxid  1:1,000 

3->  07 

5289 

Chestnut  used  as  control..    . .  . 

5290 
5291 

Black  oak  treated  with  sulphur  dioxid  1:10,000 

Black  oak  used  as  control ... 

18.25 
10  09 

5292 

White  oak  treated  with  sulphur  dioxid  1:10,000 

13  74 

5293 
5294 

White  oak  used  as  control, 

Scrub  pine  treated  with  sulphur  dioxid  1:10,000 

8.73 
20  08 

5295 

Scrub  i)ine  used  as  control  .... 

5296 

Black  oak  treated  with  sulphur  dioxid  1:50,000 

15  38 

5297 

Black  oak  used  as  control  ...            ._          .... 

12  57 

5298 
5299 

Scrub  pine  treated  with  sulphur  dioxid  1:50,000 

Scrub  pine  used  as  control . 

18.72 
13  01 

5300 

Scrub  pine  treated  with  sulphur  dioxid  1:100,000 

21  9t 

6301 

Scrub  pine  used  as  control 

15  12 

It  will  at  once  be  seen  from  the  foregoing  table  that  all  of  the 
plants  growing  in  the  open  wdiich  were  treated  with  sulphur  dioxid 
contained  more  sulphur  trioxid  in  their  leaves  than  the  control  plants, 
and  that  the  percentage  of  sulphur  trioxid  in  the  ash  of  fumigated 
plants  is  higher  than  it  is  in  those  not  fumigated.  These  results 
at  once  suggest  a  method  for  determining  wdiether  trees  around  a 
smelter  were  killed  by  the  fumes  or  died  from  other  causes. 

FIELD  INVESTIGATIONS  OF  THE  ACTION  OF  SULPHUR  DIOXID 
FUMES  ON  VEGETATION. 

A  CALIFORNIA   SMELTER  AND   CERTAIN  FOREIGN   SMELTERS. 

The  next  step  in  the  investigation  w^as  to  determine  whether  the 
dead  and  badly  injured  trees  around  the  smelting  works  near  Ked- 
ding,  Cal.,  usually  contained  more  sulphur  trioxid  than  trees  of 
the  same  species  which  stood  close  by  in  the  same  soil,  but  w^ere  not 
killed.  Of  25  pairs  of  trees  examined  in  various  directions  from  the 
smelter  80  per  cent  contained  more  sulphur  trioxid  in  the  leaves 
of  the  injured  trees  than  in  the  leaves  of  the  uninjured  ones,  while 
20  per  cent  showed  the  reverse.  It  was  further  show^n  that  in  80 
per  cent  of  the  cases  the  injured  trees  contained  a  larger  percentage 
of  sulphur  trioxid  in  the  ash  of  the  leaves  than  did  the  uninjured 
trees.'^ 


U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bui.  89. 
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View  About  2  Miles  South  of  Keswick  Smelter,  near  Redding,  Cal. 
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In  a  similar  investigation  in  the  vicinity  of  a  zinc  smelter  at 
Lethmathe,  German3^«  one  especially  conclusive  examination  was 
made  of  the  foliage  of  the  surrounding  vegetation.  The  investi- 
gator, instead  of  selecting  the  trees  in  groups  of  two  from  the  same 
location,  one  injured  and  the  other  uninjured,  used  injured  trees 
from  points  near  the  smelter  and  uninjured  trees  for  comparison 
at  points  farther  distant  from  the  smelter,  but  in  the  same  direction. 
(When  this  can  be  done  the  results  are  even  more  conclusive  than 
those  obtained  by  the  writer  by  the  method  just  outlined,  but,  un- 
fortunately, the  rugged  nature  of  the  country  in  the  vicinity  of  the 
smelter  at  Redding  made  such  a  procedure  impracticable.)  Of  nine 
groups  of  trees  examined  89  per  cent  contained  more  sulphur  trioxid 
both  in  the  leaves  themselves  and  in  the  ash  of  the  leaves  of  the 
injured  trees  than  in  the  uninjured  ones.  Three  or  four  years  later 
the  same  region  around  the  zinc  smelter  was  again  examined,  and 
it  w^as  found  that  in  nineteen  groups  of  trees  the  leaves  of  all  of 
the  injured  trees  contained  more  sulphur  trioxid  than  those  of  the 
uninjured  ones. 

From  the  work  done  in  the  vicinity  of  Redding,  Cal.,  the  following 
important  conclusions  are  drawn: 

(1)  Sulphur  dioxid  when  present  in  very  minute  amounts  in  the 
air  kills  vegetation. 

(2)  The  injury  is  accompanied  by  an  increased  sulphur  trioxid 
content  of  the  foliage. 

(3)  The  vegetation  around  the  smelter  for  at  least  ^  miles  north, 
9  miles  south,  2^  miles  east,  and  5  to  G  miles  west,  is  greatly  injured, 
and  less  severe  injury  extends  even  beyond  these  limits  for  a  consid- 
erable distance  (Pis.  Ill  and  IV). 

TWO    TENNESSEE    SMELTERS. 

The  next  investigation  of  injury  to  vegetation  by  smelter  fumes, 
conducted  by  the  Avriter,  Avas  made  in  1905  and  the  summer  of  1906 
in  the  mountainous  country  of  Tennessee,  North  Carolina,  and  Geor- 
gia, surrounding  two  Tennessee  smelters,  and  in  the  laboratory  at 
Washington.  The  following  counties  were  examined  in  the  various 
trips  made  in  the  vicinity  of  the  smelters:  Polk,  Tenn.;  Fannin  and^ 
Gilmer,  Ga.,  and  Cherokee,  N.  C.  Again,  the  only  injury  studied  was 
that  due  to  the  action  of  sulphur  dioxid  and  trioxid  on  vegetation. 
The  chemist  in  this  investigation  Avas  accompanied  by  one  of  the  fori 
esters  of  the  Department  of  Agriculture.  Samples  of  soil  and  foli- 
age Avere  collected  for  chemical  examination,  but  the  foliage  came 
only  from  those  trees  Avhich  the  forester  was  reasonably  sure  had  not 
died  from  insect  pests,   forest  fires,  crowding,   or  other   conditions 

«  Haselhoff  and  Lindau,  Die  BescMdiguug  der  Vegetation  durcli  Raucli. 
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commonly  causing  the  destruction  of  forests.  These  samples  of 
foliage  were  classified  by  the  forester  and  forwarded  to  the  Bureau 
of  Chemistry  for  analysis. 

For  purposes  of  investigation  samples  of  the  dead  and  injured 
trees  surrounding  the  smelters  were  examined,  as  well  as  of  the  unin- 
jured trees  of  the  same  species  beyond  the  range  of  aj^parent  injury. 
The  sulphur  trioxid  content  of  the  foliage  and  ash  of  the  two  sets 
of  samjDles  was  then  comi)ared.  The  soils  beneath  the  injured  trees 
were  compared  Avith  those  from  beneath  the  uninjured  trees  to  de- 
termine whether  any  increase  in  the  sulphur  trioxid  content  of  the 
injured  trees  might  be  due  to  an  increased  amount  of  sulphur  trioxid 
in  the  soil. 

If  the  sulphur  trioxid  content  of  the  uninjured  trees,  situated  much 
farther  away  from  the  smelters,  is  less  than  that  of  the  injured  trees 
situated  near  the  smelters,  and  yet  the  sulphur  trioxid  content  of  the 
soils  in  which  the  trees  grow  is  the  same,  or  nearly  the  same,  in  both 
cases,  this  increase  of  sulphur  trioxid  must  have  been  absorbed  from 
the  air  and  must  be  responsible,  wholly  or  partly,  for  the  death  of 
the  trees,  since  it  is  known  that  small  amounts  of  sulphur  dioxid  and 
trioxid,  when  absorbed  by  the  leaves  of  trees,  do  kill  them.  In  the 
absence  of  insect  pests  in  sufficient  numbers  to  cause  great  injury,  of 
forest  fires,  or  other  ordinary  causes  for  the  death  of  trees,  it  must 
be  concluded  that  it  was  the  sulphur  dioxid  and  trioxid  alone  that 
caused  the  damage. 

Attention  is  again  called  to  the  fact  that  this  method  of  comparing 
injured  trees  with  uninjured  trees  at  a  greater  distance  from  the 
smelter  is  better  than  the  method  followed  by  the  writer  at  Redding, 
Cal.,<^  and  should  undoubtedly  be  folloAved  in  all  cases  where  such  a 
comparison  is  possible.  The  country  around  the  Tennessee  smelters 
easily  lent  itself  to  carrying  out  the  investigation  in  this  Avay,  while 
in  the  country  around  Redding,  CaL,  such  a  method  of  working  out 
the  problem  would  have  been  extremely  difficult. 

In  Table  II  are  given  the  results  obtained  by  examining  the  foliage 
of  the  injured  and  uninjured  trees  for  sulphur  trioxid  and  ash.  In  a 
northerly,  easterly,  and  Avesterly  direction  the  Avriter  collected  and 
examined  samples  from  beyond  the  range  of  apparent  significant  in- 
jury. In  a  southerly  direction  a  fcAv  such  samples  Avere  collected,  but 
unfortunately  they  were  very  wet  Avhen  gathered  and  molded  during 
transit.  HoAvever,  since  the  samples  collected  beyond  the  apparent 
range  of  injury  in  an  easterly  direction  grcAv  in  a  soil  containing 
practically  the  same  amounts  of  sulphur  trioxid  as  the  soils  south  of 
the  smelters,  and  also  since  the  examined  area  to  the  south  is  near 
the  area  over  which  the  samples  were  collected  east  of  the  smelters,  it 

«  U.  S.  Dept.  Agr.,  Bureau  of  Cliemistry,  Bui.  89. 
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is  believed  that  the  injured  trees  to  the  south  can  be  compared  with 
the  uninjured  trees  beyond  tlie  range  of  significant  damage  in  an 
easterly  direction  Avith  perfect  satisfaction,  and  that  the  results  of 
such  a  comparison  will  be  just  as  accurate  as  though  such  uninjured 
samples  had  been  taken  beyond  the  smoke  range  to  the  south. 

It  should  be  borne  in  mind  that  two  smelters  were  involved  in  the 
above  investigation,  which  were  situated  so  close  to  one  another  that  it 
was  impossible  to  say  which  })robably  was  causing  the  damage. 
Hence  a  point  midAvay  between  the  two  was  chosen  as  the  most  con- 
venient point  from  which  to  reckon  all  of  the  distances  given  in 
Table  II. 

Table  II. — ^Sulphur  trioxld  in  foliage,  in  ash,  and  in  soils  around  smelters. 

[Calculated  to  dry  basis.] 
NORTH  OP  SMELTERS. 


Field 
No. 

Serial 
No. 

Description  of  sample. 

Ai)proximate 

distance  and 

direction  from 

smelters. 

Ash  in 
leave.? 

and 
needles. 

Sulphur  triox 

id- 

In  leaves. 

In  ash. 

In  soil. 

51 
60 
61 

79 

2797 
2806 
2807 
2825 

2805 
2826 
2809 
2810 
2811 
2824 

2813 
2826 
2814 

2823 

2817 
£826 
2815 
2825 

2817 
2826 
2846 

2823 

2844 
2825 

2827 

2829 
2825 

2835 
2820 
2836 

2824 

2835 
2826 
2838 

2839 
2840 
2823 

Foliage, blackoak,  injured- 

do 

do 

Foliage,  black  oak,  unin- 
jured. 
Soil  beneath  Nos.  rA .  60,  61. 
Soil  beneath  No.  79...     _  _ 

7  miles  NNW.._ 

do 

do 

13i  miles  NNE.. 

Per  cent. 
4.13 
4.62 
4.98 
4.04 

Per  cent . 

0.91 

1.05 

1.10 

.41 

Per  cent . 
22.03 

22  72 
22^08 
10.11 

Per  cent. 

59 
80 

0.05 
03 

63 
64 

Foliage,  scrub  pine,  injured. 

do 

do 

Foliage,  scrub  ]>ino,  unin- 
jured. 
Soil  beneath  Nos.  63,  64,  65. 
Soil  beneath  No.  78 

6h  miles  NNE... 

do 

do 

131  miles  NNE.. 

2.83 
2.34 
2.99 
2.06 

.87 
.69 
.93 
.36 

30.74 
29.48 
.31.10 
17.47 

65 

78 

67 

.07 

80 

.03 

68 

77 
71 

Foliage,     white    pine,     in- 
jured. 

Foliage,    white   pine,    un.- 
injured. 

Soil  beneath  No.  68      .  . 

8  miles  NNE.-:.. 
13J  miles  NNE.. 

2.46 
1.74 

.66 
.36 

26.82 
20.69 

.06 

80 

Soil  beneath  No.  77 

.03 

69 

79 

Foliage,  black  oak.  injured- 
Foliage,  black  oak,  unin- 

j  ured . 
Soil  beneath  No.  69 

8  miles  NNE.... 
131  miles  NNE.. 

5.20 
4.04 

.95 
.41 

18.26 
10.14 

71 

.06 

80 

Soil  beneath  No.  79 

.03 

100 

77 
98 

Foliage,    white    pine,    in- 
jured. 

Foliage,    white   pine,    un- 
injured. 

Foliage,  black  oak,  injured. 

Foliage,   black  oak,  unin- 
jured. 

Foliage,  black  oak,  injured. 

do 

Foliage,  black  oak,  unin- 
jured. 
Soil  beneath  Nos.  81,  83... 
Soil  beneath  No.  79 

8J  miles  NNE... 

131  miles  NNE.. 

9k  miles  NNE... 
13J  miles  NNE.. 

121  miles  N.  by 

E. 
do 

1.31  miles  NNE.. 

1.97 

1.74 

4.41 
4.04 

4.55 

4.96 
4.04 

.56 

.36 

.75 
.41 

.59 

.67 
.41 

28.42 

20.69 

17.00 
10.14 

12.96 

13.50 
10.14 

79 
81 

83 

79 

89 
80 

.03 
.03 

90 

Foliage,  scrub  pine,  injured- 
Foliage,  scrub  pine,  unin- 
jured. 
Soil  beneath  No.  90 

12i  miles N.  by 
13J  miles  NNE.. 

3.07 

2.06 

.51 
.36 

16,61 

17.47 

78 

89 

.03 

80 

Soil  beneath  No.  78 

.03 

92 

Foliage,    white    pine,    in- 
jure<l. 

do 

do 

Foliage,    white   pine,    un- 
injured. 

123  miles N.  by 
E. 
do 

2.57 

2.39 
2.65 
1.74 

.49 

.50 
.50 
.36 

19.06 

20.92 
18.86 
20.69 

93 

94 

do 

13i  miles  NNE.. 

77 

38816— Bull.  113—10- 
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Taule  II. — i^stilphiir  trioxid  in  foUa<jc,  in  a.s7<,  and  in  .soils  around  smelter. 

Continued. 

EAST  OF   .SHELTERS. 


Field 
No. 

Serial 
No. 

149 

2895 

158 

2901 

153 

2899 

154 

L)3 

2900 
2899 

156 

2902 

161 
171 

2907 
2917 

157 

2003 

175 
161 
164 

2921 
2907 
2910 

157 

2903 

166 

2912 

159 

2905 

168 

2914 

161 
176 

2907 
2922 

162 
159 

2908 
2905 

Description  of  sample. 


Approximate 

distance  and 

direction  from 

smelters. 


Foliage,  white  oak,  in- 
jured. 

Foliage,  white  oak,  un- 
injured. 

Foliage,  shortleaf  pine, 
injured. 

do 


"i  miles  ENE. 

SI  miles  E 

4^  miles  E.... 


Foliage,  shortleaf  pine, 
uninjured. 

Soil  beneath  Nos.  153, 
154. 

Soil  beneath  No.  157 

Foliage,  shortleaf  pine, 
injured. 

Foliage,  shortleaf  pine, 
uninjured. 

Soil  beneath  No.  171 

Soil  beneath  No.  157 

Foliage,  shortleaf  pine, 
injured. 

Foliage,  shortleaf  pine, 
uninjured. 

Foliage,  black  oak,  in- 
jured. 

Foliage,  black  oak,  un- 
injured. 

Soil  beneath  Nos.  164, 
166. 

Soil  beneath  Nos.  157,  1.59 

Foliage,  black  oak,  in- 
jured. 

-—do 

Foliage,  black  oak,  un- 
injured. 


do 

8J  miles  E- 


5^  miles  NE. 
8h  miles  E... 


5  miles  E— 
81  miles  E. 
5  miles  E-- 
8J  miles  E. 


Ash  in 

leaves 

and 

needles. 


Per  cent. 
3.74 


4.78 
3.53 


3.28 
2.82 


4.16 

2.82 


3.53 
2.82 
5.14 
3.15 


miles  NE. 


5J  miles  E. 
8J  miles  E. 


5.34 


Sulphur  trioxid- 


In  leaves.    In  ash.      In  soil 


Per  cent 
0.85 


Per  cent 
22.72 


12.13 
17.28 


21.34 
14.18 


19.23 
14.18 


23.51 
14.18 
13.81 
15.55 


17.60 


15.37 
15.55 


SOUTH  OP  SMELTERS. 


103 

2849 

2904 

2851 
2907 

2852 

2904 

2889 

2890 
2891 
2903 

2S94 

2907 
2884 

2904 

2888 
2907 
2882 

2904 

Foliage,     white    oak,    in- 
jured. 

Foliage,    white   oak,    un- 
injured. 

Soil  beneath  No.  103 

2  miles  SSW-_.. 
8J  miles  E 

Per  cent. 
6.43 

4.78 

Per  cent. 
0.92 

.58 

Per  cent. 
14.30 

12.13 

Per  cent. 

158 
105 

0.05 
.04 

161 

Soil  beneath  No.  158 

106 

Foliage,    white    oak,    in- 
jured. 

Foliage,    whito   oak,    un- 
injured. 

Fohage,     shortleaf     pine, 
injured. 

do 

do 

Foliage,     shortleaf     pine, 
uninjured. 

Soil     beneath     Nos.     143, 
144,  145. 

Soil  beneath  No.  157 

Smiles  SSW_... 

8|  miles  E 

34'  miles  S 

do 

do 

8i  miles  E 

3.63 
4.78 
2.97 
2.91 

2.8;i 
2.82 

.49 
.58 
.66 

.:o 

.71 
.40 

13.49 

12.13 

22.22 

20.61 
25.08 
14.13 

158 
143 
144 

145 

loi 

148 

.05 
.04 

161 

138 

Foliage,    white    oak,    in- 
jured. 

Foliage,    white   oak,    un- 
injured. 

Soil  beneath  No.  138 

4  miles  S 

8J  miles  E 

5.46 

4.78 

1.03 

18.86 
12.13 

158 
142 

04 

161 

Soil  beneath  No.  158 

.04 

136 

Foliage,    white    oak,    in- 
jured. 

Foliage,    white   oak,    un- 
injured. 

6|  miles  SSE-- 
81  miles  E 

4.58 
4.78 

.77 
.58 

16.81 
12.13 

158 
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Table  II. 


-Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  smelters — 
Continued. 
SOUTH  OF  SMELTERS— Continued. 


Serial 
No. 

Description  of  sample. 

Approximate 

distance  and 

direction  from 

smelters. 

Ash  in 

leaves 

and 

needles. 

Sulphur  trioxid— 

Field 
No. 

In  leaves. 

In  ash. 

In  soil. 

134 

2880 

2905 

2866 

2905 

2874 

2879 
2905 

2877 
2907 
2870 

2906 

2872 

2905 

Foliage,    black    oak,     in- 
jured. 

Foliage,  black  oak,  unin- 
jured. 

Foliage,     black    oak,     in- 
jured. 

Foliage,  black  oak,   unin- 
jured. 

Foliage,     black    oak,     in- 
jured. 
do 

Foliage,  black  oak,  unin- 
jured. 

Soil  beneath  Nos.  128,  129. 

Soil  beneath  No.  159 

61  miles  SSE... 

81  miles  E 

9  miles  SSW.... 

8i  miles  E 

91  miles  SSE... 

do 

SI  miles  E 

Per  cent. 
4.52 

3.15 

3.58 

3.15 

4.69 

4.32 
3.15 

Per  cent. 
0.73 

.49 

.  .39 

.49 

.63 

.57 
.49 

Percent. 
16.15 

15.55 

10.89 

15.55 

13.43 

13.19 
15.55 

Per  cent. 

159 

I'^O 

159 

1''8 

129 
159 

131 
161 
124 

160 

126 

159 

0.05 
.04 

Foliage,    scarlet   oak,    in- 
jured. 

Foliage,   scarlet  oak,   un- 
injured. 

Foliage,    black    oak,     in- 
jured. 

Foliage,  black  oak,  unin- 
jured. 

10^  miles  S 

8 J  miles  E 

lOJ  miles  S 

8J  miles  E 

2.72 
2.77 
3.59 
3.15 

.67 
.50 
.41 
.49 

24.62 
18.05 
11.42 
15.55 

WEST  OF  SMELTERS. 


2747 
2749 
2751 
2770 

2753 

2771 

2755 
2773 
2756 

2761 


2758 
2771 
2760 

2773 

2763 

2764 
2774 

2766 

2772 

2768 

2773 
2926 

2774 

2930 
2773 
2775 

2774 


do 

13J  miles  WNW. 


5miles  WNW.. 
13|  miles  WNW. 


Foliage,  post  oak,  injured.  |  2^  mile?  WNW.. 

do 3  miles  WNW... 

do do 

Foliage,    post   oak,   unin-     l3JmUesWNW. 

jured.  I 

Foliage,    white    oak,    in-     3  miles  WNW... 

jured.  i 

Foliage,  white  oak,  unin-     13imilesWNW_ 

jured.  I 

Soil  beneath  No.  7 

Soil  beneath  No.  25 

Foliage,     shortleaf     pine,  ;  5  miles  WNW... 

injured. 

Foliage,     shortleaf     pine, 
uninjured. 

Foliage,    white    oak,     in- 
jured. 

Foliage,  white  oak,  unin- 
jured. 

Soil  beneath  Nos.  10,  15,    

12.  1 

Soil  beneath  Nos.  23,  25...     

Foliage,    white    pine,    in-  ,  6  miles  WNW... 
jured. 

do ' do...    ..^- 

Foliage,  Avhite  pine,  unin-  {  13JmilesWNW. 
j  ured .  I 

Foliage,  Spanish  oak,  in-  I  6  miles  WNW.. 

Foliage,  Spanish  oak,  un-     13|mile9WNW. 

injured.                                  | 
Soil  beneath  Nos.  17,  18,  ; 

20.  1 

Soil  beneath  Nos.  28,  26...  | 

Foliage,    white   pine,    in-  j  8  miles  W 

Foliage',  white  pine,  unin-  !  13^ miles WNW_ 

jured.  I 

Soil  beneath  No.  180 

Soil  beneath  No.  28 

Foliage,    white    pine,    in 

jured. 
Foliage,  white  pine,  unin 

jured. 


Per  cent. 
4.53 
4.60 
5.36 
5.48 

4.46 

6.11 


3.47 


4.18 
4.40 


4.47 
6.11 


3.08 
4.29 

4.58 


Per  cent. 
1.31 
1.02 
1.13 

..57 

1.09 
.79 


2.48 
3.08 


9k  miles  WNW. 
131  miles  WNW. 


1.90 
3.08 


.47 

1.31 

.69 


Per  cent. 
28.92 
22.18 
21.08 
10.40 

24.44 


20.. 57 
12.95 


20.. 58 
12.93 


24.50 


.30.93 
15.26 


30.53 
15.07 


28.63 
15.26 


28.42 
15.26 
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In  this  table,  with  possibly  two  or  three  exceptions,  it  will  be 
noted  that  the  soils  close  to  the  smelters  contain  very  nearly  the 
same  amounts  of  sulphur  trioxid  as  those  farther  away,  so  that  in 
comparing  injured  trees  situated  near  the  smelter  with  uninjured 
trees  at  a  greater  distance  the  soils  in  which  they  grew  may  be  con- 
sidered identical. 

Out  of  49  such  comparisons  it  will  be  noted  that  46  times,  or  in 
94  i^er  cent  of  the  cases  examined,  the  sulphur  trioxid  content  of  the 
injured  trees  is  larger  than  that  of  the  uninjured  trees  of  the  same 
species  situated  beyond  the  range  of  the  seemingly  significant  dam- 
age and  that  in  40  cases,  or  82  per  cent  of  the  number  examined,  the 
sulphur  trioxid  content  of  the  ash  of  such  injured  trees  is  larger 
than  that  of  similar  uninjured  trees  situated  be3^ond  the  range  of 
aj^parent  damage. 

In  a  northerly  direction  in  100  per  cent  of  the  cases  examined  the 
leaves  of  the  injured  trees  contain  a  larger  percentage  of  sulj^hur 
trioxid  than  the  leaves  of  the  uninjured  trees  and  in  81  per  cent  of 
the  examinations  the  ash  of  such  injured  trees  contains  a  larger  per- 
centage of  sulphur  trioxid  than  the  ash  of  the  uninjured  trees. 

In  an  easterly  direction  in  100  2)er  cent  of  the  cases  examined  the 
leaves  of  the  injured  trees  contain  a  larger  percentage  of  sulphur 
trioxid  than  those  of  the  uninjured  trees  and  in  75  per  cent  of  the 
cases  examined  the  ash  of  such  injured  trees  contains  a  larger  per- 
centage of  sulphur  trioxid  than  the  ash  of  those  uninjured. 

In  a  southerly  direction  in  77  per  cent  of  the  cases  examined  the 
leaves  of  the  injured  trees  contain  a  larger  percentage  of  sulphur 
trioxid  than  the  leaves  of  the  uninjured  trees  and  in  69  per  cent  of 
the  examinations  the  ash  of  such  injured  trees  contains  a  larger  per- 
centage of  sulphur  trioxid  than  the  ash  of  those  uninjured. 

In  a  southerly  direction,  if  only  those  trees  are  considered  which 
were  within  a  distance  of  6J  miles  from  the  smelters,  it  appears  that 
in  88  per  cent  of  the  cases  examined  the  leaves  of  the  injured  trees 
contain  a  larger  percentage  of  sulphur  trioxid  than  those  of  the 
uninjured  trees  and  in  100  per  cent  of  the  examinations  the  ash  of 
such  injured  trees  contains  a  larger  percentage  of  sulphur  trioxid 
than  the  ash  of  those  that  are  uninjured. 

In  a  westerly  direction  in  100  per  cent  of  the  examinations  both 
the  leaves  and  the  ash  of  the  injured  trees  show  a  larger  content  of 
sulphur  trioxid  than  do  the  leaves  and  the  ash  of  the  uninjured  trees. 

From  this  investigation  the  following  conclusions  are  drawn  in 
regard  to  the  distribution  of  the  injury  by  smelter  fumes: 

(1)  The  vegetation  around  the  smelters  appears  from  actual  chem- 
ical analysis  to  be  injured  for  at  least  12  to  12 J  miles  north  of  the 
smelters,  6J  miles  south,  5J  to  6  miles  east,  and  9J  miles  west. 
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(2)  There  can  be  but  little  doubt  that  the  injury  extends  beyond 
the  limits  mentioned  in  the  preceding  paragraph,  but  this  can  not  be 
shown  by  chemical  analysis,  since  the  difference  in  sulphur  trioxid 
content  between  injured  and  uninjured  trees  becomes  so  small  as  to 
be  within  the  limits  of  experimental  error. 

FIRST  INVESTIGATION  OF  INJURY  BY  SMELTER  WASTES 
AROUND  ANACONDA,  MONT.,  1906-1907. 

A  third  extremely  important  study  of  injury  to  vegetation  and  ani- 
mal life  by  smelter  wastes  was  conducted  by  the  writer  in  the  country 
surrounding  Anaconda,  Mont.,  and  at  Washington  during  the  latter 
part  of  1906  and  the  whole  of  1907.  In  the  immediate  vicinity  of 
Anaconda  the  huge  Washoe  smelter  is  situated,  roasting,  when  run- 
ning at  full  head,  from  8,000  to  10,000  tons  of  ore  per  day,  which 
ore  is  said  to  contain  quite  large  quantities  of  arsenic.     (See  PI.  V.) 

The  plant  is  situated  in  a  semiarid  country,  where  irrigation  is 
T)racticed,  and  discharges  its  tailings  and  slags  into  certain  of  the 
streams  that  are  used  for  irrigation  purposes.  There  are  therefore 
three  distinct  problems  to  be  worked  out  in  connection  with  the 
injury  caused  by  the  smelter: 

(1)  Whether  or  not  the  vegetation  is  injured  by  reason  of  the 
sulphur  dioxid  and  trioxid  set  free. 

(2)  Whether  enough  arsenic  is  set  free  to  settle  on  the  surround- 
ing forage  plants  to  make  them  unfit  for  stock. 

(3)  Whether  the  waste  when  discharged  into  the  irrigation 
streams  renders  the  water  unfit  for  irrigation  purposes  and  injures 
the  soil  to  which  such  water  is  applied.  All  of  these  problems  were 
studied,  and  definite  data  bearing  thereon  obtained.  j 

The  chemist  in  this  investigation  was  accompanied  by  one  of  the/ 
foresters  of  the  Department  of  Agriculture.  Samples  of  soil,  foliage" 
of  trees,  forage  plants,  irrigation  waters,  ores,  and  of  the  dump  heap 
were  collected  and  forwarded  to  the  Bureau  of  Chemistry  for  chem- 
ical examination.  As  in  the  Tennessee  investigation,  samples  of 
foliage  were  collected  from  those  trees  which  the  forester  was  certain 
had  not  died  from  insect  pests,  forest  fires,  crowding,  or  other  com- 
mon causes  of  forest  destruction. 

A  few  paragraphs  of  introduction  are  necessary  in  regard  to  the 
situation  of  the  smelter  and  the  appearance  of  the  surrounding 
country. 

LOCATION  OF  SMELTER  AND  APPEARANCE  OF  SURROUNDING 

VEGETATION. 

The  Washoe  smelter  is  situated  on  a  high  hill  toward  the  southern 
end  of  Deer  Lodge  Valley,  which  is  about  35  miles  long  and  from  4 
to  6  miles  wide.     (See  PI.  VI.)     It  is  located  about  at  the  junction 
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of  Deer  Lodge  Valley  and  Warm  Springs  Creek  Valley,  and  is  near 
the  Hell  Gate  and  Helena  National  Forests  and  certain  other  public 
lands.  To  the  north,  south,  east,  and  west  of  this  valley  are  quite 
high  ridges  of  mountains  which  are  cleft  here  and  there  by  the  val- 
leys of  small  creeks,  of  which  Warm  Springs  Valley  is  one  of  the 
largest.  Down  the  center  of  Deer  Lodge  Valley  runs  the  river  of 
that  name,  into  which  is  carried  part  of  the  tailings  and  slag  from  the 
i:)lant  and  the  wash  from  the  dumps  and  slime  heaps.  As  before 
mentioned,  this  river  is  used  for  irrigation  purposes,  although  a 
large  number  of  the  farmers  say  that  it  is  injurious  and  prefer  to 
get  their  water  from  small  creeks  coming  down  from  the  mountains  on 
either  side,  only  using  the  river  water  when  it  is  absolutel}^  necessary. 
It  is  only  near  the  tops  of  ridges  and  be^^ond  them  and  along  the  val- 
hys  of  the  various  small  streams  that  the  land  is  forested  to  any 
extent.  Besides  this,  forest  fires  have  swept  over  certain  of  the 
mountains  in  the  past,  so  that  all  dead  timber  can  not  be  ascribed  to 
sulphur  dioxid  from  the  smelter.  However,  enough  trees  remain 
within  a  radius  of  10  to  15  miles  from  the  smelter,  which  have  not 
been  injured  in  any  Avay  by  the  forest  fires,  crowding,  insect  pests, 
etc.,  to  enable  one  to  observe  the  damage  caused  by  sulphur  dioxid. 
The  three  principal  kinds  of  trees  in  the  neighborhood  of  the  smelter 
are  the  lodgepole  pine,  juniper,  and  red  fir.  The  difference  in 
their  resistance  to  sulphur  dioxid  fumes  is  very  marked  and  can 
easily  be  observed. 

Lnmediately  surrounding  the  smelter  practically  all  trees  are  either 
dead  or  severely  injured.  A  very  few  trees  still  stand,  to  which  those 
who  do  not  believe  in  the  injurious  effects  of  smelter  fumes  point  with 
pride  as  examples  of  the  fact  that  sulphur  dioxid  does  not  injure 
vegetation.  Since,  however,  hundreds  of  the  same  kinds  of  trees 
are.  killed  outright  at  ten  times  the  distance  from  the  smelter,  the 
force  of  the  argument  is  entirely  lost  and  the  few  seemingly  uninjured 
trees  near  by  only  appear  to  a  disinterested  person  as  curious  ex- 
amples of  individual  resistance. 

NORTH  OF  THE  SMELTER. 

Going  north  from  the  smelter  a  trip  was  first  made  from  Anaconda 
in  a  direction  slightly  east  of  north,  until  the  road  running  along  the 
east  side  of  Deer  Lodge  River  was  reached.  This  road  was  followed 
to  the  vicinity  of  Race  Track.  Here  the  river  was  again  crossed  and 
the  road  running  on  the  west  side  of  the  Deer  Lodge  River  was  fol- 
lowed as  far  as  Deer  Lodge.  On  the  return  the  same  route  was  fol- 
lowed, except  that  the  trip  along  the  east  side  of  the  river  was  con- 
tinued farther  south  to  a  point  beyond  J.  R.  Perdee's  ranch.  Various 
samples  of  cattle-food  materials,  soils,  and  Deer  Lodge  water  were 
collected  and  observations  on  the  general  appearance  of  the  vegetation 
were  made.     It  was  noted  that  the  bushes  and  trees  along  the  streams 
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were  badly  spotted  and  injured  for  several  miles  from  the  smelter, 
and  down  as  far  as  Race  Track  the  crops  did  not  appear  to  grow  as 
luxuriantly  as  those  around  Deer  Lodge.  The  trees  growing  in  the 
valley  were  so  few  in  number  that  it  was  nearly  impossible  to  judge 
what  their  injury  might  have  been.  In  several  places  examined  south 
of  Eace  Track  the  soil  that  had  been  irrigated  by  Deer  Lodge  River 
water  appeared  to  be  injured,  especially  near  the  irrigation  ditches. 
This  injury  Avas  shown  by  bare  spots  in  various  fields,  such  spots  often 
shoAving  a  blue-tinted  crust  that  evidently  contained  copper.  This 
was  especially  true  in  fields  along  the  river  in  the  vicinity  of  Race 
Track.  Beyond  this  point  no  serious  injury  to  the  few  trees  remain- 
ing was  noted.  The  crops  of  alfalfa,  potatoes,  clover,  etc.,  examined 
beyond  Race  Track  did  not  show  any  evidence  of  having  been  at- 
tacked by  smelter  fumes. 

A  trip  was  next  made  from  Anaconda  along  the  western  side  of 
Deer  Lodge  Valley  until  Lost  Creek  was  reached,  the  valley  of  this 
creek  being  followed  for  about  7  miles.  Samples  of  cattle-food 
materials,  soils,  and  foliage  were  collected  and  observations  were 
made  on  the  general  appearance  of  the  vegetation.  In  Lost  Creek  Val- 
ley the  junipers  Avere  absolutely  uninjured,  and  the  lodgepole  pines 
were  badly  injured  at  the  lower  end  of  the  valley,  but  the  damage 
gradually  grew  less  until  it  became  practically  insignificant  at  a  dis- 
tance of  about  5  miles  up  the  valley.  Throughout  the  entire  7  miles 
of  the  valley  the  red  firs  were  almost  all  killed,  although  an  occa- 
sional live  one,  or  a  group  of  them,  would  be  found. 

A  trip  was  made  from  Anaconda  along  the  western  side  of  Deer 
Lodge  Valley  until  Modesty  Creek  was  reached.  The  valley  of  this 
creek  was  followed  for  about  5  miles.  Samples  of  cattle-food  ma- 
terials, soils,  and  foliage  were  collected  and  observations  were  made 
on  the  general  appearance  of  the  vegetation.  The  lodgepole  pines 
throughout  this  valley  were  injured  to  only  a  very  slight  degree,  this 
distance  evidently  being  near  the  extreme  limit  of  injury  for  this 
species  of  tree.  About  50  per  cent  of  the  red  firs  Avere  dead  or  badly 
injured  and  those  remaining  did  not  appear  to  be  healthy. 

Another  excursion  was  made  from  Deer  Lodge  up  the  valley  of 
Tin  Cup  Joe  Creek  for  2  or  3  miles.  The  lodgepole  pines  were  un- 
iiijured  and  reforesting  Avas  taking  place.  The  red  firs  Avere  hardly 
touched,  only  the  older  ones  shoAving  any  injury  at  all,  Avhile  young 
red  firs  Avere  rapidly  springing  up.  On  the  Avhole  it  appears  that 
this  valley  is  beyond  the  limit  of  injury  to  lodgepole  pines  and  at 
the  extreme  limit  of  injur}^  to  red  firs. 

EAST    OF    THE    SMELTER. 

The  only  trip  made  to  the  east  of  the  smelter  Avas  in  connection 
Avith  the  return  trip  from  Deer  Lodge,  already  described.  As  far  as 
the  writer  examined  east  (Avhich  was  to  J.  R.  Perdee's  place,  a  dis- 
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taiice  of  about  G  miles),  the  few  trees  and  crops  that  existed  appeared 
to  be  considerably  damaged.  It  is  possible,  however,  that  this  was 
due  parth^  to  lack  of  attention  on  the  part  of  the  ranchers.  No  at- 
tempt was  made  to  examine  the  mountains  on  the  east  side  of  the  Deer 
Lodge  Valle^^  as  it  would  have  been  impossible  to  tell  whether  any 
injury  that  was  found  was  due  to  the  smelter  at  Anaconda,  or  to  those 
in  the  vicinity  of  Butte. 

SOUTH    OF    THE    SMELTER. 

Going  south  from  Anaconda,  a  trip  was  made  along  the  road  which 
first  runs  to  the  east  and  then  turns  southwest  until  it  crosses  the 
divide.  The  j^oint  reached  was  9  or  10  miles  southwest  of  the  smelter 
and  about  2  miles  beyond  the  divide.  Samples  of  soils  and  foliage  and 
dump  and  slime  samples  from  the  smelter  Avere  collected,  and  observa- 
tions made  on  the  general  appearance  of  the  A^egetation.  Three  miles 
south  of  the  smelter  the  trembling  asjDcns  AA^ere  badly  injured,  spots 
appearing  all  OA^er  the  leaA^es.  Four  miles  south  some  of  the  lodgepole 
pines  Avere  dead,  Avhile  the  remainder  Avere  badly  injured;  practically 
all  red  firs  Avere  dead.  FiA^e  miles  southAvest  of  the  smelter  the  lodge- 
pole  pines  Avere  damaged  less,  but  still  shoAved  injury  to  a  considerable 
extent;  again,  the  red  firs  Avere  practically  all  dead.  For  from  0  to  8 
miles  soutliAvest  of  the  smelter,  to  the  divide,  the  lodgepole  j^ines  Avere 
living,  but  most  of  them  shoAved  more  or  less  injury  to  the  ends  of 
needles;  again  the  red  firs  Avere  nearly  all  dead,  or  seriously  injured. 
Tavo  miles  beyond  the  divide  the  forest  did  not  appear  to  be  damaged. 

AVEST  OF  THE  SMELTER. 

A  trip  was  made  in  a  Avesterly  direction  from  Anaconda  up  Warm 
Springs  Creek  to  Sih^er  Lake  and  back.  Samples  of  cattle-food  ma- 
terials, soils,  and  foliage  were  gathered  and  observations  on  the  gen- 
eral appearance  of  the  vegetation  Avere  made.  Xone  of  the  junipers 
obserAxd  on  the  western  trip  Avere  injured  in  the  slightest  degree. 
The  lodgepole  pines  Avere  all  killed  in  the  vicinity  of  the  smelter,  but 
the  injury  to  this  species  gradually  grcAv  less,  until,  at  about  10  miles 
Avest  of  the  smelter  or  slightly  beyond  this,  it  ceased  entirely,  and 
beyond  this  point  they  Avere  apparently  uninjured.  The  damage  to 
red  firs  Avas  exceedingly  great  for  a  distance  of  13  miles  Avest,  grad- 
ually groAving  less  beyond  this  point,  until  on  the  shore  of  Sih^er 
Lake,  15  miles  west  of  the  smelter,  it  apparently  nearly  ceased.  (See 
Pis.  VII  and  YIII.) 

On  the  Avhole  it  may  be  said  that  the  injury  to  red  firs  around  the 
Washoe  smelter  extends  for  a  distance  of  about  15  to  19  miles  north, 
an  indefinite  distance  east,  8  miles  south,  and  15  miles  west.  The 
injury  to  lodgepole  pines,  howcATr,  onh^  extends  for  a  distance  of 
9  to  10  miles  north,  an  indefinite  distance  east,  8  miles  south,  and 
about  10  miles  west. 
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Plate  VII. 


Fig.  1.- 


■View  of  Mountain  About  2.5  Miles  West  from  Washoe  Smelter— Formerly 
Covered  with  Timber  Toward  the  Summit,  but  Now  Bare. 


-View  of  Mountain  Side  About  3  Miles  West  from  Washoe  Smelter— Red 
Firs  Killed  and  Junipers  Apparently  Uninjured. 
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1.— View  OF  Mountain  Side  About  10.5  Miles  West  from  Washoe  Smelter- 
Red  Firs  Killed  and  Lodgepole  Pines  Injured. 


Fig.  2.— View  of  Mountains  About  11  Miles  West  from  Washoe  Smelter— Light 
Areas  Along  Mountain  Sides  Show  Practically  Total  Destruction  of  Red 
Firs  with  no  Sign  of  Recent  Forest  Fires. 
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SULPHUR  TRIOXID  IN  THE  FOLIAGE  OF  TREES  AROUND  WASHOE 

SMELTER. 

The  samples  of  injured  foliage  near  the  smelter  and  of  uninjured 
foliage  of  the  same  species  of  trees  beyond  the  apparent  range  of 
smoke  damage,  collected  on  the  trips  enumerated,  were  examined  for 
sulphur  trioxid  and  ash  and  the  results  were  compared,  as  in  the  Ten- 
nessee investigation.  The  soils  beneath  the  injured  and  uninjured 
trees  were  examined  for  sulphur  trioxid,  to  determine  whether  any 
increase  in  the  sulphur  trioxid  of  the  injured  leaves  could  be  due  to 
an  increased  amount  of  this  constituent  in  the  soil.  In  the  followino- 
table  are  ofiven  the  results  obtained : 


Table  III. — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter. 


[Calculated  to  dry  basis.] 
NORTH  OF  SMELTER. 


Serial 
No. 

Description  of  sample. 

Location  and  approxim§.te 
distance  from  smelter: 

Ash  in 
leaves 

and 
needles. 

Sulphur  trioxid— 

In  leaves 

In  ash. 

In  soil. 

4153 

Foliage,   injured    red 
fir. 

Foliage,  uninjured  red 
fir. 

do 

5  miles  N,  2 J-  miles  up  Lost 
Creek  Gulch. 

18-19  miles  N,  li  miles  up  Tin 
Cup  Joe  Gulch,  seemingly 
beyond  range  of  damage. 
do 

Per  cent. 
4.39 

Per  cent. 
l.U 

Per  cent. 
25.29 

Per  cent. 

4879 

4.52 

4.57 

.84 
.86 

18.58 
18.82 

. 

4882 

Average 

.85 

18.70 

Soil  beneath  No.  4153. 
Soil  beneath  No.  4879. 
Soil  beneath  No.  4882. 

Foliage,    injured  red 
fir. 

Foliage,  uninjured  red 
fir. 

do 

4166 

0  08 

4883 

02 

4884 

013 

4154 

5  miles  N,  2.|  miles  up  Lost 
Creek  Gulch. 

18-19 miles  N,!.^  miles  up  Tin 
Cup  Joe  Gulch,  seemingly 
bevond  range  of  damage. 
do 

4.43 

1.25 

28.22 

4879 
4882 

4.52 
4.57 

.84 
.86 

18.58 
18.82 

Average 

.85 

18.70 

Soil  beneath  No.  4154 
Soil  beneath  No.  4879. 
Soil  beneath  No.  4882. 

Foliage,     injured 
lodgepole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

do 

4166 

.08 

4883 

1 

02 

4884 



1 

013 

4222 

10  miles  N,3  miles  up  Mod- 
esty Creek  Gulch. 

18-19  miles  N,  U  miles  up  Tin 
Cup  Joe  Gulch,  seemingly 
beyond  range  of  damage. 

2.61 

.47 

18.01 

4877 

2.45 
2.87 

.49 
.61 

20.00 
21.26 

4878 

Average 

.55 

20.63 

Soil  beneath  No. 4222  . 
JSoil  beneath  No. 4877. 
\Soil  beneath  No.  4878 . 

Foliage,      injured 
lodgepole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

do 

4168 

.02 

}          .02 

4883 

4223 

10  miles  N,  3  miles  up  Mod- 
esty Creek  Gulch. 

18-19milesN,l|  miles  up  Tin 
Cup  Joe  Gulch,  seemingly 
beyond  range  of  damage. 

2.82 

.74 

26.24 

4877 

4878 

2.45 
2.87 

.49 
.61 

20.00 
21.26 

.55 

20.63 

- 
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Table  III. — Sulphur  trioxid  in  foJiayc,  in  ash,  and  in  soils,  etc. — Continued. 
NORTH   OF   SMELTER — Continued. 


Ash  in 

leaves 

and 

needles. 

Sulphur  trioxid— 

Serial     rk„a«„•T^f,v^r,r,f  Q«mnlA   i  A^ocaiioii   aiju  approxiiiiaLB 
^^       Descnption  of  sample.          distance  from  smelter. 

In  leaves. 

In  ash. 

In  soil. 

4168     Soil  beneath  No.  4223. 
.oQ-j    (Soil  beneath  No.  4877. 
*^"*  \Soil  ]>eneath  No.  4878. 

499*^       T?nlift<Tp      ininrpfl     rpfl 

Per  cevi. 

Per  cent. 

Per  cent. 

Per  cent. 
0  02 

\ 

.02 

] 

1.04 

21  Ai 

in  milPQ   V     ^  milpa  iin  AfnH- 

4.85 

fir.                                     esty  Creek  Gulch. 

4879     Foliage,  uninjured  red    18-19  miles  N,  U  miles  up  Tin 
fir.                                      Cup  Joe  (Julch,  seemingly 
bevond  range  of  damage. 
4882            do                              '        -do 

4.52 
4.57 

.84 
.86 

18.58 
18.82 

Average 

._ 1             .85 

18.70  1 

4168      Rnil  >iPnMth  Ko    4'y'?F, 

.02 
.02 
.013 

4883 

4884 

Soil  l>eneath  No.  4879 

i=;r>il  liPnPiith  Kr>    dfiRO 

4226     Foliage,   injured   red 
fir. 

10  miles  N,  3  miles  up  Mod- 
esty Creek  Gulch. 

4.73 

.90 

19. 03 

4879       T'nliiifTf.   nnininrpfl  rprl       IR-lQinilPS  N    UmilesiinTin 

4.52 

.84 

.86 

18.58 
18.82 

4882 

nr' 

do 

Cup  Joe  Gulch,  seemingly 
beyond  range  of  damage. 

A.bl 

.85 

18.70  ' 

Soil  beneath  No.  4226. 
Soil  beneath  No.  4879 

4168 

.02 
.02 
.013 

4883 

1 

4884 

Soil  beneath  No.  4882. 

1 

SOUTH  OF  SMELTER. 


4070 

Foliage,  injured  lodge- 
pole  pine. 

1  Foliage,  uninjured 
i    lodge  pole  pines. 

4  to  41  miles  a  little  W  of  S.. 

[10  miles  SW;  2  miles  beyond 
i     divide,  seemingly  beyond 
1     range  of  damage. 

Per  cent. 
3  17 

Per  cent. 

Per  cent. 
30  00 

Per  cent. 

4080 
4081 

2.68 
2.69 

51 
.73 

19.03 
27  14 

.62 

23.09 

Soil  lieneath  No.  4070. 
(Soil  beneath  No.  4080 



4161 

1 

0.03 



1 

}              02 

4163 

\Soil  beneath  No.  4081 . 
Injured  lodgepole  pine 

(Foliage,  uninjured 
1     lodgepole  pines. 

1 

4071 

4  to  4i  miles  W  of  S 

2.69 

.76 

28.25 

(lOmiles  SW;2  miles  beyond 
<^     divide,  seeminglv  beyond 
[    range  of  damage." 

4080 

2.68 
2.69 

.51 
.73 

19.03 
27.14 

4081 

.62 

23.09 

Soil  beneath,  No  4071. 

4161 

.03 

/Soil  beneath  No.  4080 

}      •-« 

4163 

\Soil  beneath  No  4081 

4074 

Foliage,  injured  lodge- 
pole pine. 

1  Foliage,  uniniured 
J     lodgepole  pines. 

5  miles  SW 

3.51 

.82 

23.36 

10  miles  S  W ;  2  miles  beyond 
divide,  seeminglv   beyond 
[    range  of  damage. 

4080 

2.68 
[        2.69 

.51 
.73 

19.03 

27.14 

4081 

.62 

23,09 

!5oil  beneath  No.  4074. 
(Soil  lieneath  No.  40S0. 
ISoil  beneath  No.  4081. 

Foliage,  injured  lodge- 
pole pine. 

1  Foliage,  unin  j  u  red 
J     lodgepole  pines. 

4162 

.02 

1            .02 

1 

4075 

5railesSW 

10  miles  SW;  2  miles  Ijeyond 
divide,  seemingly  beyond 
[    range  of  damage. 

3.43 

1.02 

29.74 

1         2.68 
[■        2.69 

.51 
.73 

19  03 
27.14 

4081 

ao 

23.09 

■ 

- 
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Table  III. — Si(lphu7'  trioxid  in  foliage,  in  ash,  and  in  soils,  etc. — Continued. 
SOUTH   OF   SMELTER— Continued. 


Description  of  sample. 

Location  and  approximate 
distance  from  smelter. 

Ash  in 
leaves 

and 
needles. 

Sulphur  trioxid— 

Serial 

No. 

In  leaves.    In  ash. 

In  soli. 

4162 

Soil  beneath  No.  4075. 

Per  cent. 

Per  cent.  ]  Per  cent. 

Per  cent. 
0.02 

1               no 

4163 

l^nil  beneath  No  4081 

1              -0^ 

4077 

Foliage,  injured  lodge- 
pole  pine. 

iFoliage,       uninjured 
1     lodgepole  pines. 

\verage 

6  miles  SW 

2.53 

0.90 

35.57 

(10  miles  SW;  2  miles  beyond 
\     divide,  seemingly  beyond 
1     range  of  damage. 

1         2.68 
j-        2.69 

.51 
.73 

19.03 
27.14 

4080 

4081 

.62  1        23.09 

dnil  1-ionoQ  th  'PCn    4077 

1 

fSnil  beneath  No  4080 

1 1 

\ 

icinil  hpneath  No  4081 



( 

4078 

Foliage,  injured  lodge- 
pole pine. 

I^Foliage,       uninjured 
/     lodgepole  pines. 

6  miles  SW         

2.54 

.59 

23. 23 

(10  miles  SW;  2  miles  beyond 
\     divide,  seemingly  beyond 
[    range  of  damage. 

I        2.68 
f        2.69 

.51 
73 

19.03 

97   14 

.62 

23.09 

Soil  beneath  No.  4078. . 
(Soil  lieneath  No.  4080. . 
\Soil  beneath  No,  4081. . 

i 

1 

f 

1 

WEST  OF  SMELTER. 


4089 
4152 

Foliage,  injured  lodge- 
pole pine. 

Foliage,       uninjured 
lodgepole  pine. 

Per  cent. 
2.91 

2.61 

Per  cent. 
0.75 

,30 

Per  cent. 
25.  77 

11.49 

Per  cent. 

15  miles  W;  shore  of  Silver 
Lake,    seemingly    beyond 
range  of  damage. 

4090 
4152 

Foliage,  injured  lodge- 
pole pine. 

Foliage,       uninjured 
lodgepole  pine. 

2.68 
2.61 

.('•9 
.30 

25  75 
11.49 

15  miles  W;  shore  of  Silver 
Lake,    seemingly    beyond 
range  of  damage. 



Foliage, injured  lodge- 
pole pine. 

Foliage,       uninjured 
lodgepole  pine. 

3.15 
2.61 

.53 
.30 

16.83 
11.49 

15  miles  W;  shore  of  Silver 
Lake,    seemingly    beyond 
range  of  damage. 

4152 

4167 
4165 

0.02 

.02 

Foliage, injured  lodge- 
pole pine. 

Foliage,       uninjured 
lodgepole  pine. 

Soil  beneath  No.  4087. 
Soil  beneath  No.  4152. 

Foliage,    injured   red 

fir. 
Foliage,       uninjured 

red  fir. 

Soil  beneath  No.  4082. 
Soil  beneath  No.  4084. 

Foliage,    injured    red 

fir. 
Foliage.       uninjured 

red  fir. 

Soil  beneath  No.  4085 
Soil  beneath  No.  4084 

7    miloo    \M 

2.91 

.68 
■in 

23.37 
11.49 

15  miles  W;  shore  of  Silver 
Lake,    seemingly    beyond 
range  of  damage. 

4152 

.02 

.02 

4082 

5.53 
5.56 

1.30 

.82 

23.  51 
14.75 

15  miles  W;  shore  of  Silver 
Lake,    seemingly    beyond 
range  of  damage. 

4084 

.02 

.02 

4.50 
5.56 

1.03 

.82 

22.89 
14.75 

4085 
4084 

15  miles  W;  shore  of  Silver 
Lake,    seemingly    beyond 
range  of  damage. 

4165 

!        _  _            1 

1 
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In  the  preceding  table,  with  possibly  two  exceptions,  the  soils  near 
the  smelter  contain  practically  the  same  amount  of  sulphur  trioxid 
as  the  soils  farther  away,  ai:)parently  beyond  the  range  of  smoke 
damage,  so  that  in  comparing  injured  Avith  uninjured  trees,  the  soils 
in  which  they  grew  need  not  be  considered  as  a  factor. 

Of  18  comparisons  of  injured  and  uninjured  trees  it  will  be  noted 
that  in  16  cases,  or  in  89  per  cent  of  the  examinations  made,  the  sul- 
phur trioxid  content  of  the  injured  trees  is  larger  than  that  of  the 
individual  uninjured  trees,  and  also  exceeds  the  averages  for  the  un- 
injured trees  of  the  same  species  situated  beyond  the  range  of  signifi- 
cant damage.  In  IT  cases,  or  94  per  cent  of  the  examinations,  the  sul- 
phur trioxid  content  of  the  ash  of  such  injured  trees  is  larger  than 
the  average  sulphur  trioxid  content  of  the  ash  of  similar  uninjured 
trees  situated  beyond  the  range  of  significant  damage.  In  only  15 
cases  (83  per  cent  of  those  examined),  however,  is  the  sulphur  tri- 
oxid content  of  the  ash  of  such  injured  trees  larger  than  both  the 
sulphur  trioxid  content  of  the  ash  of  the  individual  uninjured  trees 
and  the  averages  for  the  same. 

In  a  northerly  direction,  in  83  per  cent  of  the  cases  examined,  both 
the  leaves  and  ash  of  the  injured  trees  contain  a  larger  percentage  of 
sulphur  trioxid  than  the  leaves  and  ash  of  the  uninjured  trees,  both 
as  regards  individual  and  average  data. 

In  a  southerly  direction,  in  83  per  cent  of  the  cases  examined,  the 
leaves  of  the  injured  trees  contain  a  larger  percentage  of  sulphur  tri- 
oxid than  the  leaves  of  uninjured  trees,  and  in  100  per  cent  of  the 
cases  the  ash  of  such  injured  trees  contains  a  larger  percentage  of  sul- 
phur trioxid  than  the  average  ash  for  the  uninjured  trees.  In  only 
07  per  cent  of  the  cases  examined,  however,  does  the  ash  of  the  injured 
trees  contain  a  larger  i:)ercentage  of  sulphur  trioxid  than  that  of  both 
the  individual  uninjured  trees  and  the  averages  for  the  uninjured 
trees. 

In  a  westerly  direction,  in  100  per  cent  of  the  cases  examined,  both 
the  leaves  and  ash  of  the  injured  trees  contain  a  larger  percentage 
of  sulphur  trioxid  than  the  leaves  and  ash  of  uninjured  trees. 

Since  the  above  discussion  shows  that  the  trees  around  the  Washoe 
smelter  are  evidently  injured  by  sulphur  dioxid,  it  becomes  necessary 
to  prove  that  this  compound  is  given  off  from  the  smelter.  Several 
samples  of  ore  from  mines  that  supply  the  smelter  were  examined  and 
the  following  amounts  of  sulphur  were  found: 

Table  IV. — Sulphur  content  of  ore  samples. 


Serial  No. 

1 

Name  of  mine  furnish- 
ing ore. 

Sulphur. 

Serial  No. 

Name  of  mine  furnish- 
ing ore. 

Sulphur. 

4258 

Speculator 

Parrot 

Per  cent. 
27.50 
19.77 
28.32 
22.18 

4261 

Never  Sweat 

Per  cent. 
20.83 

4263 

4262 

24.31 

4259 

4264 

Anaconda           

29.85 

4260 
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It  is  a  matter  of  general  knowledge  that  a  large  percentage  of  the 
sulphur  in  the  ore  is  given  off  as  sulphur  dioxid  in  the  usual  smelter 
operations.  If  the  ores  given  in  Table  IV  are  fairly  representative 
samples  of  the  material  smelted  at  Anaconda,  and  if  8,000  tons  of 
ore  are  handled  each  day,  it  will  at  once  be  seen  that  a  tremendous 
quantity  of  sulphur  dioxid  is  dis-tharged  into  the  atmosphere.  Har- 
kins  and  Swain  ^  have  studied  the  composition  of  the  smelter  smoke 
from  the  Washoe  smelter  and  found  that  the  average  amount  of 
sulphur  dioxid  and  trioxid  given  off  per  day  is  4,030,000  pounds  and 
447,000  pounds,  respectively.  Unfortunately  these  authors  do  not 
give  the  composition  and  quantity  of  the  ore  smelted  during  the  time 
that  the  experiments  Avere  made,  so  that  it  is  impossible  to  calculate 
what  percentage  of  the  sulphur  present  in  the  original  ore  was  dis- 
charged through  the  stack  as  sulphur  dioxid  and  trioxid. 


INJURY     TO   CATTLE    BY     ARSENIC     IN     THE     VICINITY     OF     THE 

WASHOE   SMELTER. 

A  claim  made  by  the  farmers,  which  required  investigation,  was 
that  enough  arsenic  is  given  off  from  the  smelter  to  settle  on  the  sur- 
rounding forage  crops  and  so  poison  the  cattle.  To  determine  this 
it  is  first  necessary  to  show  that  the  ores  reduced  at  the  smelter  con- 
tain arsenic.  Examinations  of  several  samples  of  ore  from  mines 
which  partly  supply  the  smelter  gave  the  following  results : 

Table  V. — Arsenic  content  of  ore  samples. 


Serial  No. 

Name  of  mine  furnish- 
ing ore. 

Metallic 
arsenic. 

Serial  No. 

Name  of  mine  furnish- 
ing ore. 

Metallic 
arsenic. 

4258 

SnppnlMfnr 

Per  cent. 

12.95 

2.54 

.51 

.45 

4261 

Never  Sweat 

Per  cent. 
0.45 

4263 

4259 

do 

4'?62 

1.17 

4264 

Anaconda 

None. 

4260  _.     

do 

If  we  reject  the  first  sample  in  Table  V  as  exceptional  and  consider 
the  other  ores  as  representative  of  those  received  at  the  Washoe 
smelter,  it  will  be  seen  that  such  ores  contain  0.85  per  cent  of  arsenic. 
At  this  rate,  if  8,000  tons  of  ores  per  day  are  smelted,  08  tons  of  ar- 
senic enter  the  plant  each  day  and,  according  to  the  officers  of  the 
smelter,  only  2  tons  of  white  arsenic  are  recovered  daily.  This, 
of  course,  does  not  mean  2  tons  of  metallic  arsenic,  but  for  conveni- 
ence in  discussion,  it  will  be  considered  as  such.  There  remain,  there- 
fore, CO  tons  of  arsenic  to  account  for,  which  can  only  escape  in  a 
volatile  form  in  the  fumes,  or  be  carried  off  in  the  tailings  and  slag. 
A  determination  of  arsenic  was  made  in  two  samples  taken  from  the 
dump  in  which  0.11  and  0.07  per  cent  were  found,  or  an  average  of 

«  J.  Amer.  Cliem.  Soc,  1907,  29:  970. 
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0.09  per  cent.  It  is  evident  that  the  amount  found  in  the  dump 
can  not  account  for  the  66  tons  of  arsenic  that  go  to  waste;  hence 
a  consideral:>le  quantity  must  be  vohitilized.  According  to  the  inves- 
tigations of  Harkins  and  Swain,  previously  mentioned,  the  average 
amount  of  arsenic  trioxid  thrown  off  in  the  smoke  (hiring  twenty- 
four  hours  is  59,270  pounds.  Here  flgain,  however,  as  in  the  case  of 
the  sulphur  compounds,  the  quantity  of  ore  used  was  not  given. 

It  is  next  necessary  to  show  whether  or  not  the  escaping  arsenic 
settles  on  the  surrounding  forage  crops  in  large  enough  amounts 
to  be  injurious  to  cattle.  For  this  purpose  20  samples  of  range  grass 
and  such  cidtivated  crops  as  alfalfa  were  collected  at  distances  vary- 
ing from  1  to  10  miles  from  the  smelter  in  various  directions,  but 
more  especially  down  the  Deer  Lodge  Valley.  These  samples  were 
examined  for  total  and  soluble  arsenic.  The  results  obtained,  calcu- 
lated to  a  dry  basis  and  expressed  both  as  milligrams  of  arsenious 
oxid  per  gram  of  sample  and  grains  of  arsenious  oxid  per  daily  ration 
of  25  pounds,  are  given  in  Table  YI. 


Table  VI. — At'scnic  content  of  forage  expressed  as  arsenious  oxid. 
[Calculated  to  dry  basis.  J 


Water-sol- 

Arsenious 
oxid  per 
gram  of 
dry  sam- 
ple. 

Arsenious 

Water-sol- 

uble arseni- 

Approximate 

oxid  per  25 

uble  arseni- 

ous oxid 

Serial 
No. 

Description  of  sample. 

distance  and  di- 
rection from 

pounds  av- 
oirdupois 

ous  oxid 
per  gram 

per  2o 
pounds 

smelter. 

of  dry 

of  dry 

avoirdu- 

ration. 

sample. 

pois  of 

dry  ration. 

Milligram. 

Grains. 

Milligram. 

Grains. 

4114—- 

Bunch  grass 

2  miles  N 

0.103 

18.0 

0.083 

14.5 

41(X- 

Alfalfa  « 

2i  miles  N 

3  miles  N 

069 

.041 
.028 

7.2 
4.9 

4115-  — 

Pasture  grass 

.069 

12.1 

4117-.-. 

Range  grass.,-     -  

do  

.054 

9.5 

.034 

6.0 

4116—- 

Pasture  grass 

4  miles  N.,Lost 
Creek. 

.041 

7.2 

.020 

3.5 

4107--.- 

Red  top 

4  miles  NE 

.028 

4,9 

.014 

2.5 

4118—- 

Clover 

---  do 

,054 

9.5 

.028 

4.9 

4119 

Range  grass - 

do 

.090 

15.8 

.020 

3,5 

41 20-  — 

Alfalfa  and  clover  (just 
cut). 

4i  miles  NE 

.054 

9,5 

.020 

3.5 

4108 

Red  top  « 

T)  miles  NE 

0'j5 

q  6 

028 

4  9 

4121 

Range  grass 

do 

.090 

15,8 

'.069 

12.1 

4122 

do 

6  miles  NE 

.104 

18.2 

.041 

7.2 

4123. 

do 

8  miles  NE 

10  miles  NE 

.055 
.070 

9.6 
12.3 

.028 
.042 

4.9 
7.4 

4109 

Alf?lfa 

4124—. 

Red  top 

1  mile  SE 

.069 

12.1 

.041 

7.2 

4112 

Bunch  grass 

3  miles  E 

.042 

7.4 

.020 

3.5 

4110—- 

Field  grass  «  ...  . 

0  miles  E 

.055 

9.6 

.041 

7.2 

4111 

Hay" 

do 

.041 

7.2 

.028 

4.9 

412rj 

Range  grass 

4  miles  W 

055 

9  6 

028 

4  9 

4113.-. 

Bunch  grass 

Gl  miles  W 

.055 

9,6 

.028 

4.9 

"  Supposed  to  have  killed  cattle. 

From  this  table  it  is  seen  that  arsenic  was  found  in  considerable 
quantities  in  every  sample  examined.  In  order  that  the  cattle  in  this 
region  may  live  at  all  it  is  evident  that  they  must  become  confirmed 
arsenic  eaters.  Through  the  courtesy  of  Dr.  D.  E.  Salmon  the  writer 
was  able  to  examine  microscopic  sections  and  gross  specimens  of 
the  viscera  of  a  number  of  cattle  that  it  was  thought  had  been  killed 
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by  eatino-  forage  containing  arsenic.  It  was  noted  that  the  oastror 
intestinal  tract  was  inflamed  and  sections  of  the  glands  of  the  stom- 
ach and  kidneys  shoAved  a  desquamation  of  the  e[)itlieliuni,  cloudy 
swelling,  and  in  some  cases  fatty  degeneration.  The  symptoms  de- 
scribed by  the  farmers  include  inflammation  of  the  mucous  membrane 
of  the  upper  air  passages,  running  from  the  nose,  diarrhea,  thirst, 
emaciation,  and  incoordination  of  gait.  From  the  above  symptoms 
and  post-mortem  appearances,  together  with  the  amount  of  arsenic 
found  in  the  various  forage  plants,  there  can  be  but  little  doubt  that 
the  cattle  were  killed  by  arsenic." 

To  give  some  idea  of  the  distribution  of  arsenic  on  the  soil  in  the 
vicinity  of  the  smelter,  samples  were  taken  to  a  depth  of  2  inches 
at  varying  distances  from  the  plant.  Since  it  might  be  claimed 
that  any  ar.senic  found  in  these  samples  was  naturally  present  in  the 
soil  and  did  not  come  from  the  smelter  fumes,  similar  samples  beyond 
the  apparent  range  of  the  smelter  smoke  were  also  taken  and  ex- 
amined for  arsenic.     The  results  obtained  are  given  in  Table  VTI. 

Table  VII. — Aisenic  content  of  surface  two  inches  of  soils,  expressed  as  metal- 
lic arsenic. 

[Calculated  to  dry  basis.] 


Serial 
No. 

Approximate  dis- 
tance and  direc- 
tion from  smel- 
ter. 

Arsenic  per 
gram  of 
dry  soil. 

Arsenic 

in 
surface 

two 
inclies" 
of  soil 

per 
square 
foot. 

Serial 

^     No. 

Approximate  dis- 
tance and  direc- 
tion from  smel- 
ter. 

Arsenic  per 
gram  of 
dry  soil. 

Arsenic 

in 
surface 

two 
inches" 
of  soil 

per 
square 
foot. 

4176 

0  miles  N 

Milligram. 
O.fjO 
.30 
.50 
.20 
.30 
.30 
.08 
.50 

Grains. 
40.2 
24.1 
40.2 
16.1 
24.1 
24.1 
6.4 
40.2 

4179— 
1  4170— 
1  4177—- 
[  4181  — 

4175—. 

4165— 

4163— 

3  miles  E 

Milligram. 

0.20 

.08 

.08 

.30 

.25 

None. 

None. 

Grains. 
16  1 

4169 

3  miles  N 

6  miles  E 

do 

4  miles  W          _  — 

6.4 

4171-  — 
4173 

do 

4  miles  NE 

Ti  miles  NE 

6.4 
24.1 

4180 

6i  miles  W 

15  miles  W 

10  miles  SW 

20.1 

4174  — . 

6  miles  NE    -  

None. 

4178 

8  miles  NE 

None. 

4172 

1  mile  SE 

«  Calculated  on  the  basis  of  69  pounds  as  the  average  weight  of  a  cubic  foot  of  surface 
soil. 

From  this  table  it  is  evident  that  the  surface  2  inches  of  all  soils 
examined  in  the  vicinity  of  the  smelter,  at  distances  varying  from  1 
to  8  miles,  contain  large  amounts  of  arsenic.  It  is  also  shown  that 
this  arsenic  must  come  from  the  smelter,  since  the  two  soil  samples 
taken  beyond  the  apparent  range  of  smelter  smoke  do  not  contain 
any  arsenic. 

"  Dr.  llobeit  J.  Formad,  a  pathologist  of  the  Bureau  of  Auimal  Industry, 
U.  S.  Depaitiiieiit  of  Agriculture,  made  a  very  thorough  study  of  the  post- 
mortem appearance  of  cattle  in  this  region,  and  the  results  of  his  work  are 
given  in  the  Twenty-fifth  Annual  Report  of  that  Bureau   (for  1908),  page  237. 
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INJURY  TO  CROPS  AND  SOIL  BY  TAILINGS  AND  SLAG  FROM  THE 
WASHOE  REDUCTION  PLANT. 

The  third  question  calling-  for  invest ifration  was  whether  the  water 
from  Deer  Lodge  Kiver,  when  used  for  irrigation  piuposes,  has  an 
injurious  effect  on  the  crops  and  the  soil.  It  is  evident  from  an  in- 
spection of  tliis  stream  that  tremendous  quantities  of  waste  matter 
from  the  phmt  find  their  way  into  it.  It  is  also  evident  from  the 
method  of  operation  that  these  waste  products  must  contain  some 
copper  which  is,  to  a  large  extent,  present  as  finely  divided  copper 
sulphid,  which  is  known  to  form  soluble  copper  sulphate  naturally 
by  gradual  oxidation.  It  would  be  expected,  therefore,  that  if  this 
material  were  deposited  on  the  land  it  would  gradually  oxidize  to  a 
soluble  form,  in  which  condition  even  very  minute  quantities  of  it 
would  be  more  or  less  injurious  to  vegetation.  It  has  been  urged 
that  even  if  soluble  copper  were  found  in  the  Deer  Lodge  River  and 
subsequently  on  the  land  it  Avould  be  immediately  rendered  insolu- 
ble again  by  the  action  of  carbonates  and  bicarbonates  present  in 
the  water  and  soil.  On  the  surface  this  seems  plausible.  Skinner,« 
however,  has  shown  that  such  is  not  the  case,  as  when  soluble  copper 
salts  are  brought  in  contact  with  solutions  containing  carbonates 
and  bicarbonates,  enough  copper  still  remains  in  solution  to  be  toxic 
to  plants. 

Samples  of  the  waste  water  from  the  plant,  and  samples  from  the 
Deer  Lodge  River  just  below  where  the  Avaste  flows  into  it,  and  at 
various  distances  farther  down,  were  taken  and  the  insoluble  copper 
present  Avas  determined  with  the  following  results: 


Table  VIII. — Copper  content  of  irrigation  loater  samples. 


Serial 
No. 

Location  and  approximate  distance  from  smelter. 

Insoluble 
copper. 

Soluble 
copper. 

4246-__. 

Waste  water  of  smelter 

Parts  per 
million . 
31.0 
12.1 
12.0 
6.4 
6.6 

3.1 

Parts  per 
million, 
0  05 

4244..__ 

4240 

4241-... 

4242 

4243.-_. 

Deer  Lodge  River,  1|  miles  below  entrance  of  smelter  water 

Deer  Lodge  River,  6  miles  below  entrance  of  smelter  water 

Deer  Lodge  River,  8  miles  below  entrance  of  smelter  water 

Deer  Lodge  River,  10  miles  below  entrance  of  smelter  water 

Deer  Lodge  River  at  Deer  Lodge,   about  16-18  miles  below  en- 
trance of  smelter  water 

.77 

.15 

.22 

Trace. 

51 

It  is  evident  from  Table  VIII  that  the  plant  discharges  large 
quantities  of  copper  into  the  Deer  Lodge  River  and  that,  even  at  a 
distance  of  16  to  18  miles  below  the  point  Avhere  the  tailings  are  dis- 
charged, a  considerable  quantity  of  copper  is  still  present. 

It  has  been  proven  by  Heald  ^  that  seedlings  of  the  ordinary  garden 
plant  Pisum  sativum  are  killed  by  the  solution  containing  1  part  of 
copper  in  404,423  parts  of  water  and  that  Indian  corn  (Zea  mays) 

«  Copper  Salts  in  Irrigation  Waters,  J.  Amer.  Chem.  Soc,  1906,  2S;3G1. 
^Bot.  Gaz.,  1896,  22:  125. 
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seedlings  are  killed  in  a  solution  containing  1  part  of  copper  per 
808,846  parts  of  water.  Johnson,  in  his  work  entitled  How  Crops 
Grow,  says :  "  The  soluble  compounds  of  copper,  arsenic,  and  lead 
are  very  injurious  to  plant  life,  unless  very  highly  diluted."  Other 
plant  physiologists  in  their  works  confirm  Johnson's  statement. 
Harter  ^^  says :  "  In  the  case  of  many  plants  one  of  the  most  toxic 
substances  known  is  copper,  and  it  is  more  than  likely  that  it  is 
present  in  much  of  the  Avater  which  experimenters  have  found  to  be 
injurious.  Coupin  states  that  one  part  of  copper  to  700,000,000  of 
water  is  sufficient  to  retard  the  root  growth  of  wheat  seedlings.  A 
mere  trace  of  copper  is  sufficient  to  retard  growth  in  many  cases." 

The  writer  is  now  conducting  some  experiments  to  determine  Avhat 
amount  of  soluble  copper  in  soils  is  injurious  to  the  growth  of  certain 
plants.  The  work  has  not  yet  been  completed,  but  the  preliminary 
data  indicate  that  the  growth  of  wheat  and  rye  is  interfered  with  by 
the  presence  of  2.1  parts  of  soluble  copper  per  million  parts  of  earth 
in  one  soil  and  by  3.5  parts  of  soluble  copper  per  million  parts  of 
earth  in  another  soil. 

It  would  appear,  therefore,  from  these  aata  that  the  Deer  Lodge 
Kiver,  even  at  a  distance  of  16  to  18  miles  below  where  the  tailings  are 
discharged,  is  not  fit  for  irrigation  purposes,  and  Avill  eventually,  if 
not  at  once,  seriously  injure  land  to  which  it  is  applied. 

It  has  been  suggested  that  the  Deer  Lodge  River  already  contained 
so  large  a  quantity  of  alkali  salts  that  it  was  injurious  to  soil  and 
crops,  even  if  the  smelter  wastes  were  not  present.  To  determine 
this  question,  a  sample  of  the  water  was  subjected  to  an  irrigation- 
water  analysis  with  the  following  results: 

Table  IX. — Composition  of  Deer  Lodge  River  ivater   (Serial  No.  Jt2U)   about 
1.5  miles  heloiv  ivhcre  smelter  waste  enters. 


Determinations. 


Bicarbonic  acid  ion 
Sulphuric  acid  ion. 

Chlorin 

Carbonic  acid  ion- 
Calcium 

Magnesium 

Sodium 

Total 


Parts  per 

million. 

78.73 

222.27 

19.00 

None. 

66.49 

19.69 

85.03 


441.21 


Hypothetical  combination. 


Calcium  bicarbonate 

Calcium  sulphate 

Magnesium  sulphate. 

Sodium  sulphate 

Sodium  chlorid 

Total- 


Parts  per 

million. 

104.59 

138.00 

97.34 

69.93 

31.35 


This  analysis  shows  that  the  Deer  Lodge  River  does  not  contain 
such  a  quantity  of  alkali  salts  as  would  render  it  unfit  for  irrigation 
purposes. 


oThe  Variability   of  Wheat   Varieties  in   Resistence  to  Toxic   Salts,  U. 
Dept.  Agr.,  Bureau  of  Plant  Industry,  Bulletin  79,  p.  40. 
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To  further  prove  that  the  Deer  Lodge  Eiver  water  when  applied 
to  the  land  adds  excessive  amounts  of  copper  thereto,  the  soil  irri- 
gated by  said  water  was  sampled  at  various  distances  from  the 
smelter  to  determine  both  the  soluble  and  insoluble  copper  present. 
To  further  demonstrate  that  any  large  amount  of  copper  found  was 
not  naturally  present  in  the  soil,  samples  not  irrigated  by  the  Deer 
Lodge  Eiver  and  not  exposed  to  the  action  of  the  flue  dust  (Nos.  4163 
and  41 G5)  were  also  subjected  to  analysis.  Following  are  the  results 
obtained  b}^  the  examination  of  the  samples  gathered  in  the  summer 
of  190G : 


Table  X. — Copper  content  of  surface  foot  of  soils  collected  in  1906. 
[Calculated  to  dry  basis.] 


Serial 
No. 


Origin  and  description  of  sample. 


4185 '  8|  miles  NE  of  smelter;  irrigated  by  Deer  Lodge  River 

4183 9J  miles  NE  of  smelter;  irrigated  12  ypars  by  Deer  Lodge  River.. 

4184 I  12  miles  NE  of  smelter;  irrigated  by  Deer  Lodge  River 

4182 '  12  miles  NE  of  smelter;  irrigated  by  Deer  Lodge  River 

4186 '  14  miles  NE  of  smeltei-;  iirigated  16  years  by  Deer  Lodge  River.. 

4165 15  miles  W  of  smelter;  not  irrigated  by  Deer  Lodge  River 

4163 10  miles   SW  of  smelter  and  about  2  miles  beyond  divide;   not 

irrigated  by  Deer  Lodge  River 


Insoluble 
copper. 


Parts  per 
million. 

1,549.4 
458.4 

1,4.51.6 

2,790.8 
870.4 

Trace. 

13.0 


Soluble 
copper. 


Parts  per 

million. 

20.4 

3.4 

n8.2 

118.2 

7.1 

None. 

Trace. 


It  is  evident  from  the  preceding  table  and  what  has  been  said  of 
the  action  of  copper  on  plants  that  the  soils  irrigated  from  the  Deer 
Lodge  River  contain  very  large  quantities  of  copper,  enough  of 
which  is  in  a  soluble  condition  to  interfere  seriously  with  the  growth 
of  many  forms  of  vegetation.  It  is  also  evident  that  the  soils  beyond 
the  range  of  flue  dust  and  not  irrigated  by  Deer  Lodge  River  water 
contain  very  small  quantities  of  copper,  practically  none  of  which  is 
in  a  soluble  condition. 

The  analyses  given  in  Table  X  show  such  excessive  amounts  of 
copper  in  the  soils  irrigated  by  Deer  Lodge  River  water  that  the  writer 
was  not  willing  to  publish  the  results  until  they  had  been  confirmed 
by  collecting  and  examining  new  samples.  The  results  given  in 
Table  XI  were  obtained  on  samples  collected  in  1907. 

Table  XI. — Copper  content  of  surface  foot  of  soils  collected  in  1907. 
[Calculated  to  dry  basis.] 


Serial 
No. 


4871- - 
4872- _ 
4873-- 
4874- 
4875_. 
4876-. 


Origin  and  description  of  sample. 


8  miles  NE  of  smelter;   flooded  by  Deer  Lodge  River;  no  sam- 
ple taken  from  this  field  in  1906 

8h  miles  NP:  of  smelter;  iirigated  by  Deer  Lodge  River;  sample 

from  same  field  (No.  4185)  taken  in  1906 

9J  miles  NE  of  smelter;   irrigated  twelve  years  by  Deer  Lodge 

River;  sample  from  same  field  (No.  4183)  taken  in  1906 

12  miles  NE  of  smelter;  irrigated  by  Deer  Lodge  River;  sample 

from  same  field  (No.  4184)  taken  in  1906 

12  miles  NE  of  smelter:  irrigated  by  Deer  Lodge  River;  sample 

from  same  field  (No.  4182)  taken  in  1906 

14  miles  NE  of  smelter;   irrigated  sixteen  years  by  Deer  Lodge 

River;  sample  from  same  field  (No.  4186)  taken  in  1906 


Insoluble 
oopper. 

Soluble 
copper. 

Parts  per 
million. 

Parts  per 
million. 

10,018.9 

1.1 

979.9 

1.1 

312.9 

2.1 

98.7 

2.1 

624.6 

10.4 

739.8 

5.2 
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While  this  table  does  not  give  the  same  results  for  either  total  or 
soluble  copper  as  were  obtained  in  lOOG,  it  does  shoAv  that  all  of  these 
soils  contain  very  large  quantities  of  copper,  enough  of  which  is 
present  in  a  soluble  form  to  be  dangerous  to,  if  not  prohibitive  of, 
many  forms  of  plant  growth.  Tt  would  hardly  be  expected  that  the 
results  obtained  on  copper,  either  soluble  or  insoluble,  would  be  the 
same  for  any  two  years,  since  it  is  very  unevenly  distributed  over 
the  field  and  furthermore  is  constantly  changing  in  its  proportions 
according:  to  the  rainfall,  irris^ation.  amount  of  oxidation,  season,  etc. 
It  would  only  be  expected  that  any  two  ^^ears  would  show  the  same 
general  condition,  and  this  is  what  these  analyses  show. 

It  has  been  suggested  that  the  soils  irrigated  by  the  Deer  Lodge 
River  are  already  so  alkaline  that  they  are  unfit  for  growing  crops, 
and  therefore  the  addition  of  copper  to  the  soil  can  not  make  matters 
worse.  To  test  this  point  the  samples  of  soils  collected  in  1906 
were  examined  for  the  soluble  salts  usually  present  in. alkali  land 
and  a  determination  of  black  alkali  was  made  by  the  Skinner*^  method 
with  the  following  results: 

Table   XII.— Soluble  salt   content  of  surface  foot   of  soils   irrigated   bij  Deer 

Lodge  River. 

[Calculated  to  dry  basis.] 

ACTUAL   DETERMINATIONS. 


Constituents. 

No.  4182: 

12  miles 

NEof 

smelter. 

No.  4183: 

9|  miles 

NEof 

smelter. 

No.  4184: 

12  miles 

NEof 

smelter. 

No.  4185: 

Sh  miles 

NEof 

smelter. 

No.  4186; 

14  miles 

NEof 

smelter. 

Per  cent. 
0.034 
.355 
.005 
None. 
.100 
.029 
.016 

Per  cent. 
0.101 
.027 
.028 
None. 
.048 
.012 

Per  cent. 
0.018 
.197 
.005 
None. 
.050 
.012 
.025 

Per  cent. 

0.165 
.8J2 
.0:30 
None. 
.215 
.079 
.113 

Percent. 
0.107 

Snlnhnrip-  nrirl  ion 

.031 

Chlorin                                                - - 

.006 

C!nrhnnif»  hpiVI  inn 

None. 

Clnlpinm - 

.034 

.0095 

.002 

Total — - 

.539 

.216 

.307 

1.494 

.190 

HYPOTHETICAL   COMBINATION. 


Calcium  bicarbonate 

Magnesium  bicarbonate- 
Calcium  sulphate 

Magnesium  sulithate 

Calcium  chlorid 

Magnesium  chlorid 

Sodium  sulphate 

Sodium  chlorid 


Total- 
Black  alkali. 


.303 
.143 


.040 


.539 
None. 


.038 


.011 
.029 


.212 
None. 


0.024 


.149 
.059 


.067 
.008 


.307 
None. 


.547 
.390 


.289 
.049 


1.494 
None. 


0.137 
.005 


.039 

'"'002' 

'"007' 

.190 
None. 


From  these  results  it  is  evident  that  none  of  the  soil  samples  ex- 
amined contains  any  black  alkali  or  a  sufficient  amount  of  white  alkali 
to  be  injurious  to  ordinary  farm  crops. 


«J.  Amer.  Chem.  Soc,  1906, 
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From  all  the  work  done  in  the  vicinity  of  Anaconda  the  following: 
definite  conclusions  can  be  drawn : 

(1)  The  forests  around  the  smelter  appear  from  actual  chemical 
analysis  to  be  injured  for  at  least  10  miles  north  of  the  smelter,  6 
miles  south  of  the  smelter,  and  13  miles  west  of  the  smelter. 

(2)  This  injury  to  forests  by  sulphur  dioxid  undoubtedly  extends 
to  a  distance  of  15  to  19  miles  north  of  the  smelter,  8  miles  south  of 
the  smelter,  15  miles  west  of  the  smelter,  and  perhaps  even  farther 
in  certain  localities,  although  not  proved  by  chemical  analysis. 

(3)  The  junipers  are  very  resistant  to  smelter  fumes  and  are  able 
to  grow  close  to  the  smelter;  the  red  firs  are  susceptible  to  the  fumes 
and  are  badly  damaged  at  distances  of  about  15  miles  or  perhaps 
even  farther;  the  lodgepole  pines  are  intermediate  between  the  other 
two  species  of  trees,  but  show  damage  for  at  least  10  miles. 

(4)  Large  quantities  of  arsenic  are  discharged  from  the  smelter 
on  the  surrounding  country,  this  poison  being  found  in  forage  crops 
in  large  enough  quantities  to  poison  cattle. 

(5)  The  waste  from  the  reduction  plant  discharged  into  the  Deer 
Lodge  River  renders  it  unfit  for  irrigation  purposes. 

(6)  The  land  irrigated  by  the  Deer  Lodge  River,  containing  the 
waste  from  the  reduction  plant,  is  greatly  injured  by  the  copper 
present  in  the  irrigation  water. 

(7)  The  soils  irrigated  by  the  Deer  Lodge  River  which  were 
studied  by  the  writer  do  not  contain  enough  alkali  salts  to  be  in- 
jurious to  ordinar}'  farm  crops. 

SECOND    INVESTIGATION    OF    INJURY    BY    SMELTER    WASTES 
AROUND  ANACONDA,  MONT.,   1908-9. 

A  fourth  study  of  injury  to  vegetation  and  animal  life  by  smelter 
fumes  was  conducted  at  Anaconda,  Mont.,  during  the  summer  of 
1908,  and  continued  at  Washington,  D.  C,  during  1908  and  1909. 
Nearly  all  the  samples  taken  were  from  public  domain,  some  within 
and  some  outside  the  bounds  of  the  National  Forests.  As  in  the 
^former  investigation  at  Anaconda,  the  chemist  was  accompanied  by 
a  forester  and  the  samples  were  taken  in  the  same  way  and  with  the 
same  precautions  as  have  been  described.  Observations  of  injury 
to  vegetation  were  made  even  more  thoroughly  than  on  the  previous 
inspection  of  this  locality  and  special  attention  was  given  to  the  in- 
jury to  forests  on  public  domain. 
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APPEARANCE  OF  VEGETATION  SURROUNDING  SMELTER. 

Following  is  a  description  of  the  appearance  of  the  forests  situated 
in  various  directions  from  the  smelter: 

NORTH    OF    THE    SMELTER. 

A  trip  was  made  from  Anaconda  to  Lost  Creek,  following  the 
valley  of  this  creek  for  about  5  miles  from  the  Deer  Lodge-Anaconda 
road.  A  trip  was  then  made  to  the  top  of  the  bluff  running  along 
the  north  side  of  Lost  Creek  and  following  the  bluff  toward  the  head 
of  the  creek  for  about  a  mile.  From  this  commanding  position 
observations  of  the  forests  farther  up  the  creek  were  also  made. 
The  lodgepole  pines  were  badly  injured  at  the  lower  end  of  the  valley 
proper.  The  damage  gradually  grew  less  and  at  the  5-mile  point, 
previously  mentioned,  there  was  a  considerable  growth  of  these 
pines,  some  of  which  were  injured  while  others  apparently  were  not. 
At  this  place  in  the  valley  the  old  red  firs  were  practically  annihilated, 
large  numbers  of  the  younger  red  firs  showed  a  destruction  of  the 
1908  growth,  and  on  the  slopes  of  the  hills  on  each  side  of  the  valley 
the  red  firs  were  practically  all  killed  or  badly  injured.  On  the  bluff 
running  north  of  Lost  Creek,  previously  mentioned,  all  of  the  old 
red  firs  were  dead  and  the  young  ones  were  badly  injured.  'Many 
of  the  lodgepole  pines  showed  a  marked  discoloration  of  the  needles 
and  a  considerable  number  had  been  killed.  There  were  no  sio:ns 
of  recent  fires  on  this  bluff  to  account  for  this  condition.  Observa- 
tions made  from  high  points  on  this  bluff  indicated  that  the  injury 
to  lodgepole  pines  ceased  about  a  mile  beyond  the  farthest  point 
reached  on  the  trip,  while  the  injury  to  red  firs  continued  as  far  as 
one  could  see. 

Another  trip  was  made  from  Anaconda  to  Antelope  Gulch.  The 
basin  of  this  gulch  was  followed  approximately  to  sec.  3,  T.  5  N.,  R. 
11  W.,  which  is  about  7  miles  from  the  smelter,  and  the  mountains 
at  the  end  of  the  gulch  approximately  in  sec.  34,  T.  6  N.,  K.  11  W., 
and  about  7J  miles  from  the  smelter,  were  climbed.  At  the  entrance 
to  Antelope  Gulch  the  trembling  aspens  had  their  leaves  badly 
spotted  and  withered;  a  few  red  firs  were  living,  but  farther  up  in 
the  valley  the  red  firs  on  the  mountain  sides  were  practically  all 
killed,  indicating  that  these  few  live  red  firs  were  either  protected 
by  the  hills  in  some  way  or  were  very  resistant  individuals.  In 
sec.  3,  T.  5  N.,  R.  11  W.,  the  young  red  firs  in  the  basin  were  nearly 
all  injured  severely  and  the  large  firs  on  the  ridges,  at  the  sides  of  the 
gulch,  were  all  killed  or  dying.  Here,  too,  the  needles  of  the  lodge- 
pole pines,  both  in  the  basin  and  on  the  slopes  at  its  sides,  were 
badly  discolored.  In  sec.  34,  T.  6  N.,  R.  11  W.,  all  of  the  old  red 
firs  were  dead  and  the  young  ones  were  badly  injured.     A  careful 
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investio:ation  sliowed  that  a  fire  swept  over  this  part  of  the  country 
about  forty-two  3^ears  ago,  but  thousands  of  trees  that  were  dying 
in  the  summer  of  1908  had  grown  up  after  the  fire. 

An  inspection  was  made  up  Modesty  Creek  Valley  for  a  distance  of 
about  2^  miles  inside  the  National  Forest,  which  is  approximately  at 
sec.  23,  T.  6  N.,  K.  1 1  W.,  and  about  10  miles  from  the  smelter.  From 
this  point  observations  were  made  for  about  a  mile  in  a  gidch  which 
runs  south  from  Modesty  Creek  Valley  and  is  said  to  be  designated 
as  Dry  Gulch.  The  return  to  Modesty  Creek  was  made  by  way  of  a 
bluff  which  runs  to  the  east  of  Dry  Gulch  and  to  the  south  of  Modesty 
Creek.  The  lodgepole  pines  in  the  bottom  of  Modesty  Creek  Valley 
were  apparently  uninjured,  but  on  the  bluffs  at  the  sides  of  the  valley 
the  needles  were  much  discolored  as  far  as  sec.  23,  T.  6  N.,  R.  11  W. 
In  the  bottom  of  this  valley  large  numbers  of  young  firs  were  partially 
killed,  and  on  the  bluffs  at  each  side  of  the  creek  all  of  the  red  firs 
appeared  to  be  dead  or  severely  injured.  On  the  bluff  which  ran  east 
of  Dry  Gulch  the  lodgepole  pines  were  discolored  and  injured  to  a 
considerable  extent.  Practically  all  of  the  red  firs  were  dead  or 
dying  and  from  the  death  of  the  1908  growth  of  these  trees  it  appeared 
that  the  injury  from  the  fumes  had  been  recent.  An  examination 
for  fires  showed  that  none  of  any  great  intensity  had  occurred  in  this 
forest  for  approximately  forty  years.  On  the  whole,  the  damage  to 
both  lodgepole  pines  and  red  firs  in  and  around  this  valley  was  much 
greater  than  it  was  in  1906,  when  a  former  examination  was  made. 

Another  inspection  was  made,  going  from  Deer  Lodge  up  the  valley 
of  Tin  Cup  Joe  Creek  for  a  short  distance  inside  the  National  Forest, 
about  19  miles  from  the  smelter.  At  the  entrance  to  the  valley  large 
numbers  of  young  red  firs  in  good  condition  were  growing.  As  the 
trip  up  the  valley  was  continued  to  the  National  Forest  large  numbers 
of  red  firs  and  lodgepole  pines  in  good  condition  were  seen  in  the  bot- 
tom of  the  valley.  On  the  ridges  on  each  side  of  the  valley  the  lodge- 
pole pines  were  uninjured,  but  some  of  the  older  red  firs  were  dying. 
Nearly  all  of  the  red  firs,  especially  the  younger  ones,  were  in  first- 
class  condition.  On  the  whole  it  appeared  that  this  valley  was  beyond 
the  limit  of  injury  to  lodgepole  pines  and  at  the  extreme  limit  of  injury 
to  red  firs. 

EAST    OF    THE    SMELTER. 

The  route  taken  extended  from  Anaconda  across  the  northern  six 
sections  of  T.  4  N.,  R.  9  W.,  to  a  point  about  11^  miles  east  of  the 
Washoe  smelter.  At  the  National  Forest  boundary  (sec.  2,  T.  4  N., 
R.  9  W.)  only  red  firs  were  growing  at  the  foot  of  the  mountains,  no 
lodgepole  pines  being  seen.  The  young  red  firs  at  this  point  showed 
considerable  injury,  the  1908  growth  having  been  killed,  but  the 
older  trees  were  in  fairly  good  condition.     As  the  journey  was  con- 
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Plate  IX. 


Fig.  1 


■Uninjured  Mountain  Side  about  2  Miles  South  of  Divide  and  10  Miles 
South  of  Smelter,  Beyond  Range  of  Apparent  Damage. 


Fig.  2.— Uninjured  Mountain  Side  up  Dry  Cottonwood  Creek   Beyond  Ranger's 
Cabin,  about  14  Miles  ENE.  of  Smelter,  Beyond  Range  of  Apparent  Damage. 
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tinned  east  in  the  National  Forest  toward  the  top  of  the  mountains, 
it  was  noticed  that  practically  all  of  the  red  firs,  both  young  and  old, 
were  either  killed  or  dying.  Toward  the  top  of  the  mountain  lodge- 
pole  pines  were  found,  but  they  w^ere  apparently  uninjured.  No  note- 
worthy fire  had  swept  over  this  region  for  approximately  forty-five 
years,  and  yet  the  red  firs  were  dying.  Since  the  country  in  sees.  1 
and  2,  T.  4  N.,  R.  9  W.,  is  just  about  as  close  to  the  Butte  smelters 
as  to  the  Washoe  smelter,  it  is  of  course  imj)ossible  to  say  which  one 
was  responsible  for  the  damage;   probably  all  contributed  to  it. 

The  road  that  runs  from  Anaconda  along  the  east  side  of  the  Deer 
Lodge  Valley,  and  up  Dry  Cottonwood  Creek,  was  followed  to  sees.  6 
and  7,  T.  5  N.,  R.  8  W.,  about  14  miles  from  the  smelter.  The  lodge- 
pole  pines  along  the  creek  and  in  sees.  6  and  7  were  not  injured  or  dis- 
colored. In  Dry  Cottonwood  Valley  proper  the  red  firs  were  in 
excellent  condition.  (See  Plate  IX.)  On  the  bluff  bounding  Dry 
Cottonwood  Creek  on  the  south,  approximately  in  sec.  7,  T.  5  N., 
R.  8  W.,  quite  a  number  of  old  red  firs  were  dead,  but  since  there  were 
hundreds  of  others,  as  well  as  of  young  red  firs,  in  perfect  condition 
growing  around  the  dead  trees,  it  is  hardly  possible  that  fumes  were 
causing  injury  at  this  point  to  any  great  extent  during  the  summer  of 
1908.  That  fumes  were  reaching  this  region,  however,  was  shown  by 
the  fact  that  small  amounts  of  arsenic  were  found  on  the  range  grass. 
On  the  whole  it  appears,  then,  that  this  region  was  at  the  extreme 
limit  of  injury  to  red  firs  under  the  conditions  existing  in  the  summer 
of  1908.  It  is  of  course  possible,  even  probable,  that  the  considerable 
number  of  old  red  firs  that  were  dead  had  been  killed  a  number  of 
years  before  by  the  fumes  from  the  Butte  smelters. 

SOUTH    OF    THE    SMELTER. 

A  trip  was  made  south  of  the  smelter  over  a  large  portion  of  the 
country  covered  by  sees.  13,  14,  15,  22,  23,  24,  25,  26,  27,  T.  4  N., 
R.  11  W.  While  all  of  these  sections  were  not  visited,  they  could  be 
plainly  observed  from  commanding  positions.  All  over  the  flat  cov- 
ered by  the  sections  named,  which  runs  from  a  point  a  little  south  of 
the  smelter  to  about  a  mile  beyond  Mill  Creek  (about  4  miles  south 
of  smelter),  the  large  trees  had  been  cut  off  and  a  fire  had  passed 
over  the  country  about  eighteen  or  twenty  years  before,  as  was  shown 
by  the  scars  on  a  few  older  trees  and  the  lack  of  scars  on  young  18  to  19 
year  old  lodgepole  pines,  which  evidently  grew  after  the  fire.  All  of 
these  young  pines  were  dead  or  very  badly  injured,  their  needles  were 
all  badly  discolored,  and  about  three-fourths  of  them  were  entirely 
dead.     No  red  firs  were  growing  on  this  flat. 

An  inspection  tour  was  also  made  up  Willow  Creek  approximately 
to  sec.  13,  T.  3  N.,  R.  11  W.,  a  point  about  7h  miles  south  of  the 
grnelter;  Oleson  Gulch  was  also  visited  and  Fourth  of  July  Gulch 
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observed.  In  Willow  Creek  Valley,  by  reason  of  the  protection 
offered  by  the  hills,  a  considerable  amount  of  green  and  seemingly 
uninjured  timber  was  to  be  observed  nearly  to  the  National  Forest 
boundary  line.  Here  it  was  observed  that  practically  all  red  firs 
had  been  killed,  a  condition  which  continued  the  remainder  of  the 
way  up  Willow  Creek.  In  Oleson  Gulch  the  red  firs  were  nearly  all 
dead  or  dying,  and  the  lodgepole  pines  growing  on  the  bluffs  at  the 
side  of  this  gulch  were  much  discolored  and  otherwise  injured.  In 
Fourth  of  July  Gulch,  which  opens  into  Willow  Creek  Valley,  all  of 
the  timber  in  the  upper  end  was  swept  by  fire.  At  the  lower  end, 
however,  there  was  no  indication  of  a  recent  fire,  yet  nearly  all  of 
the  red  firs  were  killed  or  dying. 

A  trip  was  then  made  westward  from  Gregson  up  Gregson  Canyon 
and  on  the  mountains  surrounding  it,  covering,  approximately,  sees. 
4,  5,  8,  9,  15,  16,  17,  T.  3  N.,  R.  10  W.,  from  6  to  8  miles  from  the 
smelter.  In  the  bottom  of  Gregson  Canyon  none  of  the  trees  seemed 
to  be  injured,  but  on  the  top  of  the  ridges  surrounding  the  can3-on 
a  large  percentage  of  the  red  firs  were  injured  and  gradually  dying. 
The  lodgepole  pines  did  not  appear  to  be  affected.  Since  no  fire 
of  any  importance,  except  a  recent  small  outbreak  covering  about  5 
acres,  had  swept  over  this  country  for  from  fifty  to  sixty  years,  the 
dead  red  firs  observed  could  not  possibly  be  ascribed  to  that  source. 

South  from  Anaconda  a  road  was  followed  that  runs  first  southeast 
and  then  southwest  across  the  divide  and  thence  by  a  branch  road 
to  the  neighborhood  of  Allen's  Camp.  A  point  was  reached  about  11 
miles  south  of  the  smelter  and  3  miles  beyond  the  divide.  Both  the 
red  firs  and  the  lodgepole  pines  were  badly  injured  all  the  way  to 
the  divide,  beyond  which  for  a  distance  of  from  1  to  2  miles  along 
the  main  road  no  red  firs  were  growing;  lodgepole  pines  were  seen, 
however,  many  of  which  were  injured  and  much  discolored.  When 
this  region  was  visited  in  1906  the  injury  to  lodgepole  pines  practi- 
cally ceased  at  the  divide,  while  in  1908  it  extended  for  a  distance 
of  from  1  to  2  miles  beyond  the  divide.  In  the  vicinity  of  Allen's 
Camj),  at  a  point  about  3  miles  beyond  the  divide  and  11  miles 
south  of  the  smelter,  no  injury  to  either  red  firs  or  lodgepole  pines 
was  apparent. 

WEST    OF    THE    SMELTER. 

A  trip  was  made  west  from  Anaconda  up  Sheep  Gulch,  over  the 
mountain  shown  in  figure  1,  Plate  VII,  and  thence  across  the  country 
covered,  approximately,  by  sees.  8,  9,  10,  16,  17,  20,  21,  T.  4  N.,  R.  11 
W.  The  whole  mountainous  country  between  Mill  and  Warm 
Springs  creeks,  varying  from  about  2  to  4^  miles  from  the  smelter, 
could  be  seen.  On  the  mountain  a  rather  recent  fire  had  swept  the 
very  top  of  the  mountain,  shown  in  the  illustration,  but  most  of  the 
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mountain  had  not  been  visited  by  fire  during  the  hfe  of  the  trees 
standing  there  in  the  summer  of  1908.  PracticaUy  all  of  the  trees, 
however,  were  dead,  although  they  showed  no  evidence  of  fire  scars, 
with  the  exception  of  a  few  at  the  top  of  the  mountain,  as  previously 
explained. 

In  the  locality  corresponding,  approximately,  to  sees.  17  and  20 
there  were  a  few  red  firs  which  were  all  dead.  A  fire  evidently  had 
spread  over  the  whole  country  in  this  vicinity  between  Mill  and 
Warm  Springs  creeks  about  eighteen  or  twenty  years  before,  but  in  the 
region  of  sees.  16,  17,  20,  and  21  there  were  millions  of  lodgepole  pines 
of  about  fifteen  to  eighteen  years'  growth,  practically  all  of  which  were 
stunted,  their  needles  were  all  badly  discolored  and  dying,  and  re- 
production over  this  area  was  evidently  practically  impossible. 
That  these  lodgepole  pines  had  grown  since  the  fire  mentioned,  and 
consequently  could  not  have  been  injured  by  it,  was  shown  by  the 
fact  that  many  of  them  grew  by  large  stumps  that  were  badly  burned, 
and  yet  the  lodgepole  pines  immediately  adjacent  were  not  fire 
scarred  in  the  slightest  degree. 

The  ridge  between  Mill  and  Clear  creeks  was  followed  nearly  to 
Mount  Haggin,  a  point  about  a  half  mile  into  R.  12  W.,  returning 
by  Clear  Creek  basin.  The  farthest  point  reached  was  approximately 
7^  miles  from  the  smelter.  The  fire  of  twenty  years  previous, 
already  mentioned,  evidently  swept  over  this  locality  and  destroyed 
many  trees  for  quite  a  distance  back  on  the  ridge.  A  number  of 
lodgepole  pines,  white  pines,  spruces,  balsam  firs,  and  larches,  how- 
ever, were  not  killed  by  the  fire,  though  the  lodgepole  pines  were 
badly  discolored  and  injured  nearly  as  far  up  as  they  grew  on  the 
ridge.  Even  the  white  pines,  which  are  quite  resistant  to  smelter 
fumes,  were  injured  for  a  considerable  distance,  but  the  damage 
to  this  species  of  trees  did  not  extend  so  far  back  on  the  ridge.  At 
the  lower  end  of  Clear  Creek  basin  the  lodgepole  pines  were  badly 
discolored  and  injured;  toward  the  upper  end  of  the  basin  this  injury 
was  not  so  great,  but  could  still  be  noted. 

Mill  Creek  Canyon  was  explored  for  a  distance  of  5  or  6  miles  from 
the  French  Gulch  road,  which  runs  south  from  Anaconda  to  the 
divide.  The  farthest  point  reached  was  about  10  miles  from  the 
smelter.  The  fire  of  twenty  years  previous  had  run  up  this  canyon 
for  about  3i  miles  and  destroyed  many  trees.  Within  this  distance, 
however,  some  red  firs  escaped  the  fire  and  yet  were  dying  in  the 
summer  of  1908.  Young  lodgepole  pines  that  had  come  up  since 
the  fire  were  practically  all  discolored  and  injured  and  would  evi- 
dently be  totally  destroyed  in  a  short  time.  Beyond  the  range  of 
fire  injury  the  damage  to  lodgepole  pines  continued  for  some  dis- 
tance, gradually  dying  out  at  a  point  about  5  miles  up  the  creek. 
Injury  to  red  firs  was  still  apparent  at  the  farthest  point  visited. 
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A  trip  was  made  up  Foster  Creek  for  about  5  miles  to  a  point 
approximately  12^  miles  from  the  smelter.  For  the  first  3  miles, 
on  the  east  side  of  the  creek,  practically  all  of  the  red  firs  were  dead 
or  dying.  Evidences  of  fires  about  twenty,  twenty-three,  and  fifty 
years  ago  were  found  at  various  points  in  this  territory,  but  it  was 
evident  that  they  were  not  responsible  for  the  injury  to  the  red  firs 
for  the  following  reasons:  (1)  The  red  firs  were  still  dying  in  the 
summer  of  1908,  at  least  twenty  years  after  any  fire,  and  (2)  the 
small  branches  remained  on  the  dead  trees,  which  would  not  have 
been  the  case  if  they  had  been  killed  twenty  years  before.  The  fire 
of  fifty  years  previous  evidently  killed  the  lodgepole  pines  and  only 
scarred  the  red  firs,  shoAving  that  if  a  fire  was  just  intense  enough  to 
kill  the  former,  it  would  probably  only  injure  the  latter.  This,  of 
course,  is  largely  due  to  the  greater  thickness  of  the  red  fir  bark. 
From  the  end  of  the  third  to  the  end  of  the  fifth  mile  Foster  Creek 
Canyon  was  evidently  visited  by  a  fire  approximately  twent3^-two 
years  ago,  which  killed  practically  all  of  the  timber. 

A  careful  examination  was  made  of  the  mountain,  which  stands 
between  Warm  Springs  and  Foster  creeks.  This  mountain  is  ap- 
proximately in  sees.  7,  17,  and  18,  T.  5  N.,  R.  12  W.,  and  is  about  12J 
miles  from  the  smelter.  About  twentv-two  years  ago  the  same  fire 
which  ran  across  the  northern  end  of  the  Foster  Creek  basin  also  ran 
up  the  western  slope  of  this  mountain,  badly  burning  a  strip  about 
200  yards  wide  (all  red  firs  and  lodgepole  pines  being  killed  in  this 
narrow  path),  and  then  passed  down  the  eastern  slope  of  the  moun- 
tain into  Foster  Creek  basin.  This  fire  spread,  though  with  less 
intensity,  over  most  of  the  remaining  sections  of  the  mountain,  and 
scarred  the  timber,  but  did  not  kill  it.  The  marks  of  fires  which 
occurred  approximately  fifty  and  a  hundred  years  ago  were  also  noted 
at  various  points  on  the  mountain.  The  lodgepole  pines  all  over  this 
mountain  appeared  to  be  uninjured,  except  on  the  narrow  strip  pre- 
viously mentioned.  The  red  firs  were  nearly  all  either  dead  or  badly 
injured.  A  large  part  of  the  northern  slope  of  the  mountain  was 
entirely  untouched  by  fire,  and  yet  practically  all  the  red  firs  were  dead 
or  dying.  On  the  western  slope  the  red  firs  were  severely  injured, 
but  not  so  badly  as  on  the  eastern  slope.  On  the  western  slope  they 
were  dying,  but  on  the  eastern  slope  nearly  all  were  dead.  The  con- 
clusion that  it  was  not  fire  that  killed  most  of  these  red  firs,  but  some 
cause  acting  during  the  summer  of  1908,  when  this  mountain  was 
investigated,  is  reached  for  the  following  reasons:  (1)  At  the  north 
end  of  the  mountain,  where  there  had  been  no  fire,  the  red  firs  were 
dead  and  dying;  (2)  the  small  branches  remaining  on  large  numbers 
of  the  dead  trees  showed  that  they  could  not  have  been  killed  more 
than  eight  or  ten  years  before  the  inspection  was  made,  entirely  too 
late  to  be  attributed  to  the  fire  of  twenty- two  years  previous;  (3)  the 


APPEARANCE    OF   VEGETATION   AROUND   ANACONDA.  43 

red  firs  were  in  process  of  destruction,  every  degree  of  injury  existing 
from  the  totally  dead  tree  to  the  tree  only  slightly  injured,  showing 
that  they  were  dying  from  some  cause  still  in  operation  during  the 
summer  of  1908;  (4)  many  of  the  red  firs  showing  the  most  severe 
fire  scars  were  the  least  injured,  while  many  others  with  only  slight 
fire  scars  were  killed;  (5)  if  any  trees  had  been  killed  by  the  fire,  it 
would  most  probably  have  been  the  thin-barked  lodgepole  pines,  and 
not  the  thick-barked  red  firs,  yet  the  lodgepole  pines  were  in  good 
condition  all  over  the  mountain,  and  the  red  firs  were  dead  and 
dying;  (6)  the  red  firs  which  were  less  than  twenty- two  years  old 
were  also  dying;  (7)  the  area  previously  mentioned,  which  was  un- 
doubtedly killed  by  fire,  had  quite  a  different  appearance  from  that 
of  the  other  sections  of  the  mountain.  In  the  fire-killed  area  no 
small  branches  appeared  on  the  dead  trees,  only  the  tree  trunks  and 
largest  branches  remaining,  and  even  many  of  these  had  fallen.  Over 
the  remainder  of  the  mountain  there  were  very  small  branches  still 
on  many  of  the  dead  trees. 

The  mountain  which  stands  just  west  of  Warm  Springs  Creek, 
where  it  makes  a  sudden  turn  north,  was  also  carefully  inspected. 
This  mountain  is  approximately  in  sees.  13  and  24,  T.  5  N.,  R.  13  W., 
and  is  about  13  miles  from  the  smelter.  The  fire  of  about  twenty-two 
years  ago  (reckoned  from  1908)  evidently  ran  over  a  large  part  of 
this  mountain,  as  is  shown  by  fire  scars,  but  was  sufficient  in  intensity 
to  kill  the  timber  only  over  an  area  of  about  15  to  20  acres  on  the 
west  slope  and  5  to  10  acres  on  the  east  slope.  On  the  east  slope 
there  was  a  fire  approximately  fifty  years  ago  at  certain  points.  A 
considerable  area  on  the  eastern  slope  and  an  area  of  from  250  to  300 
acres  on  the  northern  slope  had  never  been  visited  by  fire  since  the 
growth  of  the  forest.  All  over  this  mountain,  whether  on  the  area 
visited  by  the  fire  of  twenty-two  years  ago,  which  was  fire-scarred  but 
not  killed,  or  on  the  area  that  had  never  been  visited  by  fire,  the 
lodgepole  pines  were  in  very  good  condition,  while  the  red  firs  were 
practically  all  dead  or  dying.  The  same  course  of  reasoning  as  that 
adopted  in  the  previous  case  proves  that  the  red  firs  on  this  mountain 
were  not  killed  by  fire  (except  in  the  small  area  mentioned),  but  were 
attacked  by  some  agency  which  was  still  active  during  the  summer  of 
1908. 

A  thorough  examination  was  made  of  the  mountain  known  as 
Weigle  Hill,  which  is  at  the  fork  of  the  roads  leading  to  Silver  Lake 
and  Cable,  approximately  15  miles  from  the  smeher,  in  sec.  23, 
T.  5  N.,  R.  13  W.  The  principal  part  of  the  eastern  slope  of  this 
mountain  had  been  visited  by  a  fire  about  sLxty  years  previous  to 
the  date  of  inspection.  Certain  parts  of  the  eastern  slope  indicated 
a  fire  about  one  hundred  years  ago,  while  the  southern  end  of  the 
mountain  had  been  attacked  by  fire  about  thirty-six  years  previous. 


44  INJURY   BY   SMELTER    WASTES. 

Very  few  marks  of  this  fire  were  seen  on  the  eastern  slope.  On  a  very 
small  area  at  the  southern  end  of  the  western  slope  a  fire  occurred 
about  eighteen  years  before  the  date  of  inspection,  and  part  of  the 
northern  slope  was  attacked  by  a  fire  approximately  forty  years  ago. 
Many  of  the  trees  on  the  northern  slope  had  absolutely  no  fire  scars 
and  yet  were  dying  in  the  same  way  as  those  on  other  parts  of 
the  mountain.  At  several  points  there  were  very  small  areas  where 
camp  fires  had  been  built  recently,  but  in  no  case  were  more  than 
five  or  six  trees  attacked  by  such  fires.  Wherever  lodgepole  pines 
occurred  on  this  mountain  they  were  in  excellent  condition,  but  the 
red  and  balsam  firs  were  practically  all  dead  or  dying.  The  same 
course  of  reasoning  as  that  adopted  in  the  previous  case  proves  that 
these  red  firs  were  injured  and  killed  not  by  fire,  but  by  some  cause 
that  was  still  active  during  the  summer  of  1908. 

A  trip  was  made  up  Storm  Lake  Canyon  to  within  about  a  mile  of 
Storm  Lake,  the  farthest  point  reached  being  about  17  miles  from 
the  smelter.  On  the  eastern  side  of  the  creek  the  slope  was  mainly 
covered  with  lodgepole  pines  and  a  few  red  firs,  and  no  damage  was 
noted  except  to  the  latter.  On  the  western  slope  of  the  creek  there 
were  many  red  firs,  and  those  were  badly  injured,  some  being  dead  and 
some  dying.  There  were  no  signs  of  recent  forest  fires  to  account  for 
this  injury.  The  west  slope  was  examined  for  only  about  2  miles  up 
the  canyon,  but  throughout  this  area  the  injury  to  red  fir  continued. 
In  the  bottom  of  the  canyon  the  trees  at  the  entrance  were  mainly 
balsam  firs  and  lodgepole  pines;  farther  on  white  pines  and  spruce 
began  to  appear.  No  injury  to  any  of  these  trees  was  noted,  except 
that  for  4  or  5  miles  up  the  canyon  the  balsam  firs  were  badly  killed 
and  injured;  beyond  this  distance  they  appeared  to  be  healthy. 
There  were  no  fire  signs  to  account  for  the  death  and  injury  of  these 
trees.  k 

Another  trip  was  made  from  Anaconda  up  Warm  Springs  Creek  to 
Silver  Lake  and  then  to  Georgetown  Lake,  the  farthest  point  reached 
being  about  18  or  19  miles  from  the  smelter.  Injur}^  to  junipers 
was  not  observed  at  any  point.  The  lodgepole  pines  were  killed  in 
the  vicinity  of  the  smelter,  but  the  injury  gradually  grew  less  and 
apparently  ceased  at  a  distance  of  about  10  miles  west  of  it.  The  in- 
jury to  this  species  of  trees  extended  about  the  same  distance  from  the 
smelter  as  it  had  done  two  years  before,  in  1906,  while  the  red  firs  in 
1908  were  injured  for  about  3  miles  farther  from  the  smelter  than 
they  were  at  the  previous  inspection.  Extreme  injury  to  this  species 
of  trees  was  noted  all  the  way  to  Silver  Lake,  about  15  miles  from  the 
smelter,  and  considerable  injury  from  Silver  Lake  to  the  vicinity  of 
Georgetown  Lake.  The  southern  side  of  Silver  Lake  had  been  visited 
by  fires  about  twenty- two  and  fifty  years  before  1908  that  killed 
some  trees,  but  red  firs  were  gradually  dying  when'  the  examination 
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was  made  that  could  not  possibly  have  been  killed  by  either  of  these 
fires,  as  they  had  occurred  too  long  ago,  and,  furthermore,  the  dying 
trees  were  hardly  scorched  at  the  base.  On  the  north  side  of  Silver 
Lake,  also,  the  red  firs  were  badly  damaged  and  dying  when  this  ex- 
amination was  made,  and  yet  this  region  had  not  been  attacked  by 
fire  for  many  years. 

At  the  southern  end  of  Georgetown  Lake  there  did  not  appear  to 
be  any  injury  to  lodgepole  pines  or  red  firs  on  either  the  southern, 
western,  or  eastern  shores  of  the  lake.  To  the  north  of  the  lake  the 
hills  showed  some  dead  red  firs,  but  this  section  was  not  explored. 

In  brief,  it  may  be  said  that  in  the  summer  of  1908  the  red  firs 
were  injured  for  a  distance  of  at  least  15  to  19  miles  north  of  smelter, 
for  IH  to  14  miles  east  of  it  (where  the  damage  from  the  Washoe 
smelter  and  the  Butte  smelters  probably  overlapped),  for  10  miles 
south,  and  for  from  18  to  19  miles  west  of  the  smelter.  The  injury  to 
lodgepole  pines  extended  for  a  distance  of  at  least  10  to  11  miles 
north  of  the  smelter,  9  to  10  miles  south  of  it,  and  10  miles  to  the  west. 

SULPHUR  TRIOXID  IN  FOLIAGE  OF  TREES  AROUND  WASHOE 

SMELTER. 

The  samples  of  injured  foliage  near  the  smelter  and  of  uninjured 
foliage  of  the  same  species  of  trees  beyond  the  apparent  range  of 
damage  collected  on  the  trips  just  described  were  examined  for  sulphur 
trioxid  and  ash  and  the  results  compared,  as  in  the  previous  investi- 
gations around  Anaconda.  Samples  of  soil  beneath  the  injured  and 
uninjured  trees  were  also  examined  to  determine  whether  or  not  any 
increase  in  the  sulphur  trioxid  content  of  the  injured  trees  might  be 
due  to  a  larger  amount  of  this  constituent  in  the  soil.  The  results 
obtained  are  given  in  Table  XIII,  which  shows  that  the  soils  near  the 
smelter  contained  in  nearly  all  cases  practically  the  same  amount  of 
sulphur  trioxid  as  those  beyond  the  range  of  apparent  damage.  It 
is  not  necessary,  therefore,  to  take  the  soils  into  consideration  in 
comparing  the  injured  with  the  uninjured  trees. 
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Table  XIII. — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter; 
nearly  all  samples  taken  from  National  Forest  or  public  domain. 

(Calculated  to  dry  basis.) 

NORTH  OF  SMELTER. 


Serial 

Description  of  sample. 

Location    and    approximate 
distances  from  smelter. 

Ash  in 
leaves. 

Sulphur  trioxid— 

No. 

!  In  leaves. 

In  ash.    1    In  soil. 

6329 

Foliape,  injured  red  fir 
(protected  by  hill). 

^Foliage,  uninjured  red 
f    fir. 

Average 

Sec.  26,  T.5N.,R.11W.,  pub- 
lic  domain    not    National 
Forest,     about    2*     miles 
NNW  of  smelter. 

fUpTinC-upJoe  Gulch,  pub- 
lic domain  in  National  For- 

<    est,  about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

Per  cent.    Per  cent. 
5.16  1          1.02 

Per  cent. 
19.77 

Per  cent. 

fi349 

4.73 
f        4.66 

.91 
.84 

19.24 
18.03 

6350 

.88 

18.64 

Soil  beneath  6329 



Soil  beneath  63  49 

1 

Soil  beneath  6350 

Foliage,  injured  red  fir 
(protected  by  hill). 

\  Foliage,  uninjured  red 
Average 

Sec.  12,  T.5N.,  R.llW.,  pub- 
lic   domain    not    National 
Forest,  about  5h  miles  N  of 
smelter  at  mouth  of  Ante- 
lope Gulch. 

X"p  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 

•     est,  about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

6342 

5.44  1           1.49 

27.39 

6349 

4.73 
4.66 

.91 

.84 

19.24 
18.03 

6350 

.88 

18.64 

Soil  beheath  6342 

Soil  beneath  6349 

Soil  beneath  6350 

Foliage,  injured  red  fir. 

^Foliage,  uninjured  red 
(    fir. 

Average 

Sec.  10.  T.5N.,  R.llW.,  pub- 
lic domain  in  National  For- 
est, about  4  miles  up  from 
Deer      Lodge- Anaconda 
county  road,  about  6  miles 
NNW  of  smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about   19  miles  N   of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

6322 

5.72 

1.13 

19.76 

6349 

4.73 
4.66 

.91 

.84 

19.24 
18.03 

6350 

.88 

18.04 

6557 

Soil  beneath  f.322 

6565 

Soil  beneath  (1349 

.02 

6565 

Soil  beneath  6350 

02 

Foliage,  injured  red  fir. 

\Foliage,  uninjured  red 
;    fir. 

.\verage 

Sec.  10,  T.5N.,  R.llW.,  pub- 
lic domain  in  National  For- 
est, about  4  miles  up  from 
Deer      Lodge- Anaconda 
county  road,  about  6  miles  ' 
NNW  of  smelter. 

[Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles   N   of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury.  ] 

6323 

5.52 

1.28 

23.19 

6349 

4.73 
4.66 

.91 

.84 

19.24 
18.03 

6350 

.88 

18.64 

6557 

Soil  beneath  ti323 

.04 

6565 

Soil  beneath  6349 

i 

.02 

6565 

Soil  beneath  6350 

02 

1 

1 

SULPHUR  TRIOXID  IN   FOLIAGE  OF   TREES,   ETC. 
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Table  XIII. — Sulphur  trioxid  in  foliag£,  in  ash,  and  in  soils  around  Washoe  smelter; 
7iearly  all  samples  taken  from  National  Forest  or  public  domain — Continued. 


NORTH  OF  SMELTER— Continued. 


Serial 

Description  of  sample. 

Location    and    approximate 
distances  from  smelter. 

Ash  in 
leaves. 

Sulphur  trioxid— 

No. 

In  leaves. 

In  ash. 

In  soil. 

6337 

Foliage, injured  red  fir. 

\ Foliage,  uninjured  red 
r    fir. 

Sec.  2,  T.5N.,  R.llW.,  public 
domain  in  National  Forest, 
up  Antelope  Gulch, about  7 
miles  NN  W  of  smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

Per  cent. 
4.11 

Prr  cent. 
1.17 

Per  cent. 

28.47 

Per  cent. 

6349 

4.73 
4.66 

.91 

.84 

19.24 
18.03 

6350 

.88 

18.64 

6561 

Soil  beneath  6337 

0  03 

6565 

Soil  beneath  6349  .... 

.02 

6565 

Soil  beneath  6350 

.02 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  un  in  j  ured 
lodgepole  pine. 

Soil  beneath  6338 

Sec.  2,  T.5N.,  R.llW., public 
domain  in  National  Forest, 
up  .\ntelope  Gulch, about? 
miles  NNW  of  smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

6338 

2.45 
2.70 

.77 
.63 

31.43 
23. 33 

6351 
6561 

.03 

6565 

Soil  beneath  6351 

.02 

Foliage,  injured  red  fir. 

\Foliage,  uninjured  red 
r    fir. 

Sec.  9,  T.5N.,  R.llW.,  public 
domain  in  National  Forest, 
about   7    miles    NNW    of 
smelter. 

(Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 

•     est,  about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

6324 

4.71 

1.19 

25.27 

6349 
6350 

1         4.73 
f        4.66 

.91 

.84 

19.24 
18.03 

.88 

18.64 

6558 

Soil  beneath  6324 

.02 

6565 

Soil  beneath  6349 

.02 

6565 

Soil  beneath  6350 

.02 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,uninjured 
lodgepole  pine. 

Soil  beneath  6325 

Sec.  9,  T.5N.,  R.llW.,  public 
domain  in  National  Forest, 
about   7    miles    NNW    of 
smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

6325 
6351 

6558 

2.55 
2.70 

.81 
.63 

31.77 
23.33 

.02 

6565 

Soil  beneath  6351 

.02 

6339 
6351 

6562 
6565 

Foliage,  injured  lodge- 
pole pine. 

Foliage, u  ninj  ur  ed 
lodgepole  pine. 

Sec.  34,  T.6N.,  R.llW.,  Na- 
tional Forest,  up  Antelope 
Gulch,     about     7|     miles 
NNW  of  smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

2.70 
2.70 

.85 
.63 

31.48 
23.33 

.02 

Soil  beneath  6351 

.02 

6340 

Foliage, injured  lodge- 
pole pine. 

Sec.  34,  T.6N.,  R.llW.,  Na- 
tional Forest,  up  Antelope 
Gulch.  about7i  miles  NNW 
of  smelter. 

2.66 

.94 

35.34 
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Table  XIII. — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smeltev 
nearly  all  samples  taken  from  National  Forest  or  public  domain — Continued. 

NORTH  OF  SMELTER— Continued. 


Serial 

Description  of  sample. 

1 

Location    and    approximate 
distances  from  smelter. 

Ash  in 
leaves. 

Sulphur  trioxid— 

No. 

In  leaves.!   In  ash. 

1 

In  soil. 

6351 

! 

Foliage,   uninjured 
lodgepole  pine. 

Soil  beneath  6340 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles. N   of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

Per  cent. 
2.70 

Per  cent. 
0.63 

Per  cent. 
23.33 

Per  cent. 

6562 

0  02 

6565 

Soil  beneath  6351 

Foliage,  injured  red  fir. 

\Foliage,  uninjured  red 
;    fir. 

Average 

Sec.  34,  T.6N.,  R.llW.,  Na- 
tional Forest,  up  Antelope 
Gulch,  about  74  miles  NNW 
of  smelter. 

(Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 

\    est,  about  19  miles  N  of 
smelter,  seemingly  at  ex- 

[    treme  edge  of  red  fir  injury. 

6341 

4.51 

1.28 

28.38 

6349 

1         4.73 
f        4.66 

.91 
.84 

19.24 
18.03 

6350 

.88 

18.64 

6562 

Soil  beneath  6341 

02 

6565 

Soil  beneath  6349 

02 

6565 

Soil  beneath  6350 

02 

Foliage,  injured  red  fir. 

\Foliage,  uninjured  red 
/    fir. 

Average 

Sec.  5,  T.5N.,  R.llW., public 
domain  in  National  Forest, 
about  7|  miles  NW  of  smel- 
ter. 

[Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 

6326 

4.43 

1.18 

26.64 

• 

6349 

4.73 

.91 

.84 

19.24 
18.03 

6350 

treme  edge  of  red  fi'r  injury. 

1 

.88 

18.64 

6559 

Soil  beneath  6326 

02 

6565 

Soil  beneath  6349 

1 

02 

6565 

Soil  beneath  6350 

1 

02 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,   uninjured 
lodgepole  pine. 

Soil  beneath  632? 

Sec.  5,  T.5N.,  R.llW.,  public 
domain  in  National  Forest, 
about  74  miles  N  W  of  smel- . 
ter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

] 

6327 

2.22 
2.70 

.71 
.63 

31.98 
23.33 

6351 

6559 

02 

6565 

Soil  beneath  6351 

::::::"""i 

.02 

Foliage,  injured  red  fir . 

1  Foliage,  uninjured  red 
J     fir.                                j 

Average 

Sec.  23,  T.6N.,  R.llW.,  Na- 
tional Forest,  in  gully  lead- 
ing off  south  from  Modesty 
Creek ,  about  2i  miles  inside 
National  Forest  and  about 
10  miles  N  of  smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain,  in  National  For- 
est, about  19  miles  N  of 
smelter,  seemingly  at  e.x- 
treme  edge  of  red  fi"r  injury. 



6331 

5.10 

1.36 

''6  67 

6349 
6350 

4.73 
4.66 

.91 

.84 

1 
1 

19.24 ; 

18.03 

1 

.88 

18.64 

6560 

Soil  beneath  6331 

.03 
.02 
.02 

6565 

Soil  beneath  6349. . 

6565 

Soil  beneath  6350 

Foliage,  injured  red  fir. 

Sec.  23,  T.6N.,  R.llW.,  Na- 
tional Forest,  in  gully  lead- 
ing  off    S   from    Mbdestv 
Creek  about  2^  miles  inside 
National  Forest,  about  10 
miles  N  of  smelter. 

6332 

4.33 

1.22 

28.18 

,1 
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Table  XIII. ^ — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter; 
nearly  all  samples  taken  from  National  Forest  or  public  domain — Continued. 


NORTH  OF  SMELTER— Continued. 


Serial 

Description  of  sample. 

Location    and    approximate 
distances  from  smelter. 

1 

Ash  in    1 

leaves. 

Sulphur  trioxid— 

No. 

In  leaves. 

In  ash. 

In  soil. 

6349 
6350 

\  Foliage,  uninjureil  red 
Average 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est,  about   19  miles   N   of 
smelter,  seeminglj^  at  ex- 
treme edge  of  red  fir  injury. 

Per  cent.    Per  cent. 
4.73  ;          0.91 

Per  cent. 
19.24 

Per  cent. 

1         4.00              .84  ,        18.03 

.88  i        18.04 

6560 
6565 
6565 

Soil  beneath  033"^ 

0.03 

.02 

Soil  beneath  0350 

.02 

Foliage,  injured  red  fir. 

\Foliage,  uninjured  red 
}    fir. 

Sec.   23,  T.6N,    R.llW,  Na- 
tional Forest,  on  high  blutf 
S  of  Modesty  Creek  about 
2i   miles    inside  National 
Forest,  about  10  miles  N  of 
smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 

\    est,  al:)out  19  miles  N  of 
smelter,  seemmgly  at  ex- 

[    treme  edge  of  red  fir  inj  ury . 

6333 

4.25 

1.16 

27.29 

6349 
6350 

4.73 
4.66 

.91           19.24 
.84  \        18.03 

.88  '        18.04 

Soil  beneath  0333 

Soil  beneath  0349 

Soil  beneath  0350 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  uninjure  d 
lodgepole  pine. 

Sec.  23,   T.ON.R.  IIW,   Na- 
tional Forest,  on  high  bluff 
S  of  Modesty  Creek,  about 
2i  miles    inside    National 
Forest,  about  10  miles  N 
of  smelter. 

Up  Tin  Cup  Joe  Gulch,  pub- 
lic domain  in  National  For- 
est, about  19  miles  N  of 
smelter,  seemingly  at  ex- 
treme edge  of  red  fir  injury. 

6334 
6351 

3.0j5 
2.70 

.89 
.03 

29.18 
23.33 

Soil  beneath  03^1 

1                   1 

EAST  OF  SMELTER. 


Foliage,  injured  red  fir. 


Foliage,  uninjured  red 
firs. 


Soil  beneath  6343 

Average  for  soils  under 
uninjured  red  firs. 

Foliage,  injured  red  fir. 


Foliage,  uninjured  red 
firs. 


Soil  beneath  0344 

A  verage  for  soils  under 
uninjured  red  firs. 


Sec.  2,  T.4N,  R.9W,  public 
domain  in  National  Forest, 
about  11|  miles  E  of  smelter 
and  approximately  same 
distance  from  Butte. 

Average  of  four  firs  taken  N, 
S,  and  W  of  smelter,  seem- 
ingly beyond  range  of  fume 
daniage.' 


Per  cent. 
5.38 


Sec.  2,  T.4N,  R.9W,  public 
domain  in  National  Forest, 
about  lU  miles  E  of  smelter 
and  approximately  same 
distance  from  Butte. 

Average  of  four  firs  taken  N, 
S,  and  W  of  smelter,  seem- 
ingly beyond  range  of  fume 
damage. 


5.39 


Per  cent. 
1.22 


Per  cent. 
22. 08 


21.34 


18.28 


Per  cent. 


0.02 
.02 


.02 
.02 
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Table  XIII. — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter; 
nearly  all  samples  taken  from  National  Forest  or  public  domain — Continued. 

SOUTH  OF  SMELTER. 


Serial 

Description  of  sample. 

Location    and    approximate 
distances  from  smelter. 

Ash  in 
leaves. 

Sulphur  trioxid— 

No. 

In  leaves. 

In  ash. 

In  soil. 

6364 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  11  n in j  ur  ed 
lodgepole  pine. 

Soil  beneath  6304 

Sec.  22,  T.4N.,  R.llW.,  pub- 
lic domain  in  National  For- 
est, about  3  miles  SW  of 
smelter. 

National    Forest,    about    3 
miles  bej^ond  Continental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

Per  cent. 
2.73 

2.83 

Per  cent. 
0.90 

.69 

Per  cent. 
32.97 

24.38 

Per  cent. 

6308 

Soil  beneath  G308 

Foliage,  injured  red  fir. 

Foliage,  uninjured  red 
fir. 

Soil  beneath  6303 

SWiofsec.  26,  T.4N..  R.llW., 
public  domain  not  National 
Forest,  about  4  miles  SSW 
of  smelter. 

National    Forest,    about    3 
miles  beyond  Continental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6303 

5.54 
4.69 

1.26 

.84 

22.74 
17.91 

6309 
6549 

0.02 

6552 

Soil  beneath  6309 

.02 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  6302 

SWi  of  sec.  26,  T.4N.,  R.ll  W. , 
public  domain  not  National 
Forest,  about  4  miles  SSW 
of  smelter. 

National    Forest,    about    3 

miles  beyond  Continental 

"     Divide  and  11  miles  S  of 

smelter,  seemunglv  beyond 

range  of  fume  injury. 

6302 

3.24 

2.83 

.80 
.69 

24.69 

24.38 

6308 

6549 

.02 

6552 

Soil  beneath  6308 

1 

.02 

Foliage, injured  lodge- 
pole pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  6304 

SWi  of  sec.  28,  T.4N..  R.ll  W., 
public  domain  in  National 
Forest,  about  5  miles  S  W  of 
smelter. 

National    Forest,    about    3 
miles  bevond  Continental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6304 

2.90 
2.83 

.80 
.69 

27.59 
24.38 

6308 

6550 

.02 

6552 

Soil  beneath  6308 

.02 

Foliage,  injured  lodge- 
pole pine. 

Foliage,  tin  in  j  ured 
lodgepole  pine. 

Soil  beneath  6305  . 

SWi  of  sec.  28,  T.4N.,  R.llW., 
pubhc  domain  in  National 
Forest,  about  5  miles  S  W  of 
smelter. 

National    Forest,    about    3 
miles  bevond  Continentr.l 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6305 

4.42 
2.83 

1.11 
.69 

25.11 
24. 38 

6308 

0550 

.02 

6552 

Soil  beneath  6308 

.02 

Foliage,  injured  red  fir. 

Foliage,  uninjured  red 
fir. 

Soil  beneath  6357 

Sec.  2,  T.3N.,  R.llW.,  Na- 
tional Forest,  Willow  Creek 
Canyon,  mouth  Fourth  of 
July  Gulch,  about  5^  miles 
S  of  smelter. 

National     Forest,     about    3 
miles  beyond  Continental 
Divide,  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6357 

6.28 
4.69 

1.35 

.84 

21.50 
17.91 

t)309 

Soil  beneath  6309 
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Table  XIII. — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter; 
nearly  all  samples  tahenfrom  National  Forest  or  public  domain — Continued. 

SOUTH  OF  SMELTER— Continued. 


Serial 

Description  of  sample. 

Location    and    approxunate 
distances  from  smelter. 

Ash  in 
leaves. 

Sulphur  trioxid— 

No. 

In  leaves. 

In  ash. 

In  soil. 

6306 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  6306 

Sec.  32,  T.4N.,  R.llW.,  pub- 
lic   domain    in     National 
Forest,  about  6  miles  SW 
of  smelter. 

National    Forest,    about    3 
miles  beyond  Continental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

Per  cent. 
2.92 

2.83 

Per  cent. 
0.76 

.69 

Per  cent. 
26.03 

24.38 

Per  cent. 

6308 

6551 

0.02 

6552 

Soil  beneath  6308 

02 

Foliage,  injured  red  fir. 

Foliage,  uninjured 
red  fir. 

Soil  beneath  6307 

See.  32,  T.4N,  R.llW.,  public 
domain  in  National  Forest, 
about  6  miles  SW  of  smelter. 

National  Forest  about  3  miles 
beyond  Continental  Divide 
and  11  miles  S  of  smelter, 
seemingly  beyond  range  of 
fume  injury. 

6307 

3.93 
4. 69 

1.03 

.84 

26. 21 
17.91 

6309 

6551 



.02 

6552 

Soil  beneath  6309 

.02 

Foliage,  injured  red  fir. 

Foliage,  uninjured 
red  fir. 

Soil  beneath  6352 

See.  13,  T.3N.,  R.llW.,  Na- 
tional   Forest,    in    Oleson 
Gulch  about  7i  mUes  S  of 
smelter. 
National    Forest,    about    3 
miles  beyond  Contmental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6352 

4.74 
4.69 

1.17 

.84 

24.68 
17.91 

6309 

6566 

.02 

6552 

Soil  beneath  6309     

.02 

Foliage,  injured  red  fir. 

Foliage,  uninjured 
red  fir. 

Soil  beneath  6353 

Sec.  13,  T.3N.,  R.llW.,  Na- 
tional   Forest,    in    Oleson 
Gulch,  about  7J  miles  S  of 
smelter. 

National    Forest,    about    3 
miles  beyond  Contmental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6353 
6309 

6566 

4.39 
4.69 

1.03 

.84 

23.46 
17.91 

.02 

6352 

Soil  beneath  6309 

.02 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

Sec.  13,  T.3N.,  R.llW.,  Na- 
tional   Forest,    in    Oleson 
Gulch,  about  7|  miles  S  of 
smelter. 

National    Forest,    about    3 
miles  beyond  Continental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6354 
6308 

6566 

2.66 
2.83 

.72 

.69 

27.07 

24. 38 

.02 

6552 

Soil  beneath  6308 

.02 

Foliage,  injured  lodge- 
pole pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  benpath  6355 

Sec.  13,  T.3N.,  R.llW.,  Na- 
tional   Forest,    in    Oleson 

Gulch,  about  7^  miles  S  of 
smelter. 
National     Forest,     about    3 
miles  beyond  Contmental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6355 
6308 

6566 

2.70 
2.83 

.83 

.69 

30.74 
24.38 

.02 

6552 

Soil  beneath  6358 

1 

.02 
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Table  XIII. — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter; 
nearly  all  samples  taken  from  National  Forest  or  public  domain — Continued. 

SOUTH  OF  SMELTER— Continued. 


Serial 

Description  of  sample. 

Location   and   approximate 
distances  from  smelter. 

Ash  in 
leaves. 

Sulphur  trioxid— 

No. 

In  leaves. 

In  ash. 

In  soil. 

6311 

Foliage,  injured  lodge- 
pole  pine. 

P'o  1  iage,  uninjured, 
lodgepole  pine. 

Soil  beneath  6311 

On  Divide,  about  8  miles  SW 
of  smelter. 

National    Forest,     about    3 
miles  l)eyond  Continental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

Per  cent. 

2.88 

2.83 

Percent. 
0.86 

.69 

Per  cent 

29.86 

24.38 

Percent. 

6308 

Soil  beneath  6308 

1 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  6310 

About  U  miles  S  of  Divide, 
nearly  at  limit  of  apparent 
damage  and  about  9i  miles 
S  of  smelter. 

National     Forest,    al)out    3 
miles  beyond  Continental 
Divide  and  11  miles  S  of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6310 

2.72 
2.83 

.80 
.09 

29.41 
24.38 

6308 

Sou  beneath  6308 

::::::            1 

i                   1 

WEST  OF  SMELTER. 


6366 

Foliage,  injured  lodge- 
pole pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  &S66 

Sec.  17,  T.4N.,R.11W.,  pub- 
lic domain  in  National  For- 
est, about  4  miles  WSW  of 
smelter. 

Georgetown  Flats,  about  18 
or     19     miles     WNW     of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

Per  cent. 
2.90 

2.54 

Per  cent. 
0.84 

.53 

Per  cent. 
28.97 

20.87 

Per  cent. 

6301 

Soil  beneath  &301 

Foliage,  injured  lodge- 
pole pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  6361 

Sec.  17,  T.4N.,  R.llW.,  pub- 
lic domain  in  National  For- 
est, about  4  miles  WSW  of 
smelter. 

Georgetown  Flats,  about  18 
or     19    miles     WNW     of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6361 

2.71 
2.54 

.75 

..'■)3 

27.  (iS 
20.87 

6301 

Soil  beneath  6301 

Foliage,  injured  lodge- 
pole pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  6362 

Sec.  20,  T.4N.,  R.llW.,  pub- 
lic domain  in  National  For- 
est, about  5  miles  SW  of 
smelter. 

Georgetown  Flats,  about  18 
or     19    miles     WNW     of 
smelter,  seemingly  beyond 
range  of  smelter  fume  in- 
jury. 



6362 

2.99 
2.54 

.81 
.53 

27.09 
20.87 

6301 

Soil  beneath  6301 

Foliage,  injured  lodge- 
pole pine. 

Foliage,  uninjured 
lodgepole  pine. 

Soil  beneath  61^07 

National    Forest,    about    3* 
miles  up  Mill  Creek  from 
where  it  crosses  the  road, 
approximately  8  miles  SW 
of  smelter. 

Georgetown  Flats,  about  18 
or    19    miles     WNW     of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

6367 

2.62 
2.54 

.80 
.53 

30. 53 
20.87 

6301 

Soil  beneath  6301 
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Table  XIII. — Sulphur  trioxid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter; 
nearly  all  samples  taken  from  National  Forest  or  public  c?omam— Continued. 

WEST  OF  SMELTER— Continued. 


Serial 
No. 

Description  of  sample. 

Location   and   approximate 
distances  from  smelter. 

Ash  in 
leaves. 

Sulphur  trioxid— 

In  leaves. 

In  ash. 

In  soil. 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

Sec.  13,  T.5N.,  R.12W.,  pub- 
lic domain  in  National  For- 
est, about  8  miles  WNW  of 
smelter. 

Georgetown  Flats,  about  18 
or    19    miles     WNW     of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

Per  cent. 
3.20 

2.54 

Per  cent. 
0.78 

.53 

Per  cent. 
24.38 

20.87 

Percent. 

6301 

Soil  beneath  6301 

Foliage,  injured  red  fir. 

Foliage,  uninjured  red 
fir. 

Sec.  23,  T.5N.,  R.12W.,  pub- 
lic  domain   not   National 
Forest,     abovit     8     miles 
WNW  of  smelter. 

Georgetown  Flats,  about  18 
or     19    miles     WNW     of 
smelter,  seemingly  beyond 
range  of  fume  injury. 

4.35 
4.79 

.98 
.86 

22.53 
17.95 



6300 

6553 
6548 

0.08 

Soil  beneath  6.300 

.03 

Foliage,  injured  lodge- 
pole  pine. 

Foliage,  uninjured 
lodgepole  pine. 

Sec.  22,  T.5N.,  R.12W.,  pub- 
lic  domain   not   National 
Forest,    about     8J     miles 
WNW  of  smelter. 

Georgetown  Flats,  about  18 
or  19  miles  WNW  of  smelt- 
er,      seemingly       beyond 
range  of  fume  injury. 

2.45 
2.54 

.58 
.53 

23.67 
20.87 

6320 

6301 

6556 
6548 

.03 

Soil  beneath  6301 

.03 

Foliage,    injured    red 
fir. 

Foliage,  uninjured  red 
fir. 

Sec.  22,  T.5N.,  R.12W.,  pub- 
lic  domain   not   National 
Forest,    about     8J     miles 
WNW  of  smelter. 

Georgetown  Flats,  about  18 
or  19  miles  WNW  of  smelt- 
er,      seemingly       beyond 
range  of  fume  injury. 

5.16 
4.79 

1.15 

.86 

22.29 
17.95 

■ 

6316 

6300 

Soil  beneath  6300 

Foliage,    injured    red 
fir. 

Foliage,  uninjured  red 
fir. 

a  nil  KonoafVi  R*?!  7 

Sec.  22,  T.5N.,  R.12W.,  pub- 
lic  domain   not   National 
Forest,     about     9     miles 
WNW  of  smelter. 

Georgetown  Flats,  about  18 
or  19  miles  WNW  of  smelt- 
er, seemingly  beyond  range 
of  fume  injury. 

5.84 
4.79 

1.20 

.86 

20.55 
17.95 

6317 

6300 

6554 
6548 

.04 

Soil  beneath  6300 

.03 

Foliage,    injured    red 
fir. 

Foliage,  uninjured  red 
fir. 

Sec.  18,  T.5N.,  R.12W.,  pub- 
Uc  domain  in  National  For- 
est, about  12i  miles  WNW 
of  smelter. 

Georgetown  Flats,  about  18 
or  19  miles  WNW  of  smelt- 
er, seemingly  beyond  range 
of  fume  injury. 

4.83 
4.79 

1.18 
.86 

24.43 
17.95 



6318 

6300 

6555 
6548 

.03 

Soil  beneath  6300. .... 

.03 

— = 

=                 = 
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Table  XIII. — Sulphur  triorid  in  foliage,  in  ash,  and  in  soils  around  Washoe  smelter- 
nearly  all  samples  taken  from,  National  Forest  or  public  domain — Continued. 

WEST  OF  SMELTER— Continued. 


Serial 

Destription  of  sample. 

Location    and    approximate 
distances  from  smelter. 

A.sh  in 
leaves. 

Sulphur  trioxid— 

No. 

In  leaves. 

In  ash. 

In  soil. 

6358 

Foliage,    injured    red 
fir. 

Foliage,  uninjured  rod 
fir. 

Soil  beneath  6358 

Sec.  23,  T.5N.,  R.13W.,  Na- 
tional Forest,  Weigle  Hill, 
about  15  miles   WNW  of 
smelter. 

Georgetown  Flats,  about  18 
or  19  miles  WNW  of  smelt- 
er, seemingly  beyond  range 
of  fume  injury. 

Per  cent. 
4.48 

4.79 

Per  cent. 
1.13 

.86 

Per  cent. 
25.22 

17.95 

Per  cent. 

6300 

6567 

0  0'^ 

6548 

Soil  beneath  6300 

.03 

Foliage,    injured    red 
fir. 

Foliage,  uninjured  red 
fir. 

Soil  beneath  6359 

Sec.  23,  T.5N.,  R.13W.,  Na- 
tional Forest,  Weigle  Hill, 
about  15  miles  WNW  of 
smelter. 

Georgetown  Flats,  about  18 
or  19  miles  WNW  of  smelt- 
er, seemingly  beyond  range 
of  fume  injury.  ' 

6359 

4.37 
4.79 

1.06 

.86 

24.26 
17.95 

6300 

6567 

02 

6548 

Soil  beneath  6300 

.03 

1 

Of  45  comparisons  of  injured  wdth  uninjured  trees,  in  every  case 
the  sulphur  trioxid  content  of  the  injured  tree  ^vas  larger  than  that 
of  the  individual  uninjured  trees,  and  also  exceeded  the  averages  for 
the  uninjured  trees  of  the  same  species  situated  beyond  the  range 
of  apparent  damage.  In  every  case  also  the  sulphur  trioxid  content 
of  the  ash  of  injured  trees  was  greater  than  that  of  the  ash  of  unin- 
jured trees  situated  beyond  the  range  of  apparent  damage,  both  in 
individual  cases  and  when  average  data  for  the  uninjured  trees  was 
compared  with  individual  data  for  injured  trees 

In  a  northerly  direction,  in  100  per  cent  of  the  cases  examined, 
both  the  leaves  and  ash  of  the  injured  trees  contained  a  larger  per- 
centage of  sulphur  trioxid  than  the  leaves  and  ash  of  uninjured  trees, 
both  as  regards  individual  and  average  data. 

In  an  easterly  direction  a  trip  was  not  made  far  enough  from  both 
the  Anaconda  and  Butte  smelters  to  be  absolutely  sure  that  the 
limit  of  injury  had  been  reached.  Hence  the  injured  trees  in  an 
easterly  direction  were  compared  with  the  average  figures  for  unin- 
jured trees  of  the  same  species  taken  north,  south,  and  west  of  the 
smelter  beyond  the  range  of  apparent  injury.  In  100  per  cent  of 
the  cases  examined  both  the  leaves  and  ash  of  the  injured  trees  con- 
tained a  larger  per  cent  of  sulphur  trioxid  than  the  leaves  and  ash 
of  the  uninjured  trees.  This  w^as  true  not  only  for  the  average  of 
four  uninjured  trees  situated  north,  south,  and  w^est  of  the  smelter, 
but  also  in  the  individual  cases. 
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Both  in  a  southerly  and  in  a  westerly  direction,  in  100  per  cent  of 
the  cases  examined,  the  leaves  and  the  ash  of  the  injured  trees  con- 
tained larger  percentages  of  sulphur  trioxid  than  the  leaves  and  the 
ash  of  uninjured  trees. 

The  observations  made  on  the  inspection  tours  in  various  direc- 
tions from  the  Washoe  smelter  considered  in  connection  with  these 
figures  prove  that  the  forests  on  public  domain  had  been  injured  and 
were  being  injured  by  sulphur  dioxid  fumes  previous  to  and  during 
the  summer  of  1908. 


ARSENIC    CONTENT    OF    FORAGE    CROPS    AROUND   WASHOE 

SMELTER. 

The  previous  investigation  made  around  the  Washoe  smelter  in 
the  summer  of  1906  showed  that  the  ores  smelted  contained  arsenic, 
some  of  which  escaped  from  the  stack  and  settled  on  the  surrounding 
vegetation.  The  investigation  in  1908  was  made  to  determine 
whether  this  arsenic  settled  on  the  range  grass  of  the  public  domain. 
For  purposes  of  investigation  33  samples  of  range  grass  were  col- 
lected at  distances  varying  from  2j  to  15  miles  from  the  smelter  in 
different  directions.  All  samples  except  one  were  taken  from  the 
public  domain  or  National  Forest  land.  As  in  the  1906  investiga- 
tion, determinations  were  made  of  total  and  w^ater  soluble  arsenic 
and  the  results  obtained  calculated  to  the  dry  basis  and  expressed 
both  as  milligrams  of  arsenious  oxid  per  gram  of  dry  sample  and  as 
grains  of  arsenious  oxid  per  daily  ration  of  25  pounds.  The  results 
obtained  are  given  in  Table  XIV. 

Table  XIV. — Arsenic  content  of  range  grass  expressed  as  arsenious  oxid,  nearly  all 
samples  taken  from  National  Forest  or  public  domain. 

(Calculated  to  dry  basis.) 


Serial 
No. 

Location  and  approximate  distance  from  smelter. 

1 

Arsenious  oxid  per— 

Water-soluble  arse- 
nious oxid  per— 

Gram  of 

dry 
sample. 

25  pounds 
(avoir.)  of 
dry  ration. 

Gram  of 

dry 
sample. 

25  pounds 
(avoir.)  of 
dry  ration. 

6151 

6155a 

6149 

6152 

6150 

6153 

NORTH  OF  SMELTER. 

Sec.  26,  T.  5  N.,  R.  11  W..  public  domain  not 
National  Forest,  about2';  milesNNW  of  smelter. 

Sec.  12,  T.  5  N.,  R.  11  W.,  public  domain  not 
Nal  ional  Forest,  about  5*  miles  N  of  smelter. . . 

Sec.  10,  T.  5  N.,   R.  11  W.,   public  domain   in 
National  Forest,  about  6  miles  NNW  of  smelter. 

Sec.  8,  T.  5  N.,  R.  10  W.,  public  domain  not  Na- 
tional Forest,  about  6  miles  N  o  smelter 

Sec.  9,  T.  5  N.,  R.  11  W.,  public  domain  in  Na- 
tional Forest,  about  7  miles  NNW  of  smelter. . . 

Sec.  2,  T.  5  N.,  R.  11  W.,  public  domain  in  Na- 
tional Forest,  about  7  miles  NNW  of  smelter  in 
vallev                                            

3/(7. 
0.046 

.014 

.021 

.035 

.014 

.007 
.027 
.035 

Grainf!. 
8.0 

2.5 

3.7 

6.1 

2.5 

1.2 
4.7 
6.1 

^fg. 
0.014 

.004 

.010 

.027 

.014 

.005 
.010 
.007 

Grains. 
2.5 

.7 

1.8 

4.7 

2.5 

.9 

6330 
6154 

Sec.  4,  T.  5  N.,  R.  10  W.,  public  domain  not  Na- 
tional Forest,  about  7  miles  NNE  of  smelter 

Sec.  34,  T.  6  N.,  R.  11  W.,  National  Forest,  about 
7i  miles  NNW  of  smelter 

1.7 
1.2 

1^  Protected  by  hill. 
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Table  XIV. — Arsenic  content  of  range  grass  expressed  as  arsenious  oxid,  nearly  all 
samples  taken  from  National  Forest  or  public  domain — Continued. 


Serial 
No. 

Localion  and  approximute  distance  from  smelter. 

Arsenious  oxid  per— 

Water-soluble  arse- 
nious oxid  per— 

Gram  of 

dry 
sample. 

25  pounds 
(avoir.)  of 
dry  ration. 

Gram  of 

dry 
sample. 

25  pounds 
(avoir.)  of 
dry  ration. 

0328 
0335 

0336 

0156 
6157 
0158 

NORTH  OF  SMELTER— continued. 

Sec.  5,  T.  5  N.,  R.  11  W.,  public  domain  in  Na- 
tional Forest,  about  7.^  miles  N  W  of  smelter 

Sec.  23,  T.  ()  N.,  R.  11  W.,  National  Forest,  about 
2^  miles  inside  National  Forest,  on  hif,di  blutf 
S  of  Modesty  Creek,  about  10  miles  N  of  smelter. 

Sec.  19,  T.  6  N.,  R.  10  W.,  public  domain  in  Na- 
tional Forest,  about  10  miles  N  of  smelter 

EAST  OF  SMELTER. 

Sec.  6,  T.  4  N.,  R.  9  W.,  public  domain  not 
National  Forest,  about  6^  miles  E  of  smelter 

Sec.  4,  T.  4  N.,  R.  9  W.,  public  domain  not 
National  Forest,  about  9  miles  E  of  smelter 

East  side   sec.  8,    T.    5   N.,    R.    9    W.,    public 
domain  not  National  Forest,  about  9  miles  NE 
of  smelter 

Mg. 
0.019 

.021 
.018 

.039 
.027 

.035 
.014 

.035 
.040 

.014 

.014 

.098 

.  046 

.097 

.046 

.028 
.040 

.  053 

.024 
.021 

.014 

.021 

.028 

.007 
.007 

Grains. 
3.3 

3.7 
3.2 

6.8 
4.7 

6.1 
2.5 

6.1 
7.0 

2.5 

2.5 

17.2 

8.0 

17.0 

8.1 

4.9 
7.0 

9.3 

4.2 

3.7 

2.4 
3.7 
4.9 

1.2 

1.2 

Mg. 
0.003 

.021 
.014 

.035 
.021 

.014 
.011 

.032 
.011 

None. 

Undet. 

.0.56 

.014 

.069 

.042 

.028 
.040 

.042 

.021 
.021 

.007 

.021 

None. 

.007 
.007 

Grains. 
0.5 

3.7 
2.5 

6.1 
3.7 

9    5 

0159 
0345 

0160 
6340 

Sec.  4,  T.  5  N.,  R.  9  W.,  public  domain  not 
National  Forest,  about  lOi  miles  NE  of  smelter. 

Sec.   2,   T.   4  N.,   R.   9  W.,  public  domain   in 
National  Forest,  about  lU  miles  E  of  smelter, 
approximately  same  distance  from  Butte 

Sec.  28,  T.  6  N.,  R.  9  W.,  public  domain  not 
National  Forest,  about  12  miles  N  E  of  smelter. . . . 

Sec.    7,    T.   5  N.,   R.   8   W.,  public   domain  in 
National  Forest,  about  13  miles  ENE  of  smelter, 
up  Dry  Cottonwood  Creek 

1.9 

5.6 
1.9 

None 

0161 

Sec.   6,   T.   5  N.,   R.  8   W.,  public    domain  in 
National  Forest,  about  14  miles  ENE  of  smelter, 
up  Dry  Cottonwood  Creek 

Undet 

6305 
6140 
6147 
0162 

SOUTH  OF  SMELTER. 

Sec.  22,  T.  4  N.,  R.  11  W.,  public  domain  in 

National  Forest,  about  3  miles  SW  of  smelter. . . 
Sec.  33,  T.  4  N.,  R.  11  W.,  public  domain  in 

National  Forest,  about  4^  miles  SW  of  smelter. . 
Sec.  34,  T.  4  N.,  R.  11  W.,  public  domain  in 

National  Forest,  about  44  miles  SS\Y  of  smelter . 
Sec.  2,  T.  3  N.,  R.  11  W.,  National  Forest,  Willow 

Creek  Canyon,  5J  miles  S  of  smelter 

9.8 
2.  L 
12.1 
7  4 

0356 

Sec.  13,  T.  3  N.,  R.  11  W.,  National  Forest,  Oleson 
Gulch,  7h  miles  S  of  smelter 

4  9 

0312 

On  divide,  about  8  miles  SW  of  smelter 

7  0 

6103 
0313 

WEST  OF  SMELTER. 

Sec.  17,  T.  4  N.,  R.  11  W.,  public  domain  in 
National  Forest,  about  4  miles  WSW  of  smelter 

E  one-half  sec.  28,  t.  5N.,  R.  11  W.,  public  domain 
not  National   Forest,  about  4  miles  NW   of 
smelter 

7.4 

3.7 
3.7 

1  2 

6164 
6321 

Sec.  20,  T.  4  N.,  R.   11  W.,  public  domain  in 
National  Forest,  about  5  miles  S  >v'  of  smelter 

SW  one-quarter  sec.  25.  T.  5  N.,  R.  12  W..  public 
domain  not  National   Forest,  about  7  miles 
WNW  of  smelter. . 

6314 

N  one-half  see.  23,  T.  5N.,R.  12  W.,  public  domain 
not  National  Forest,  about  8  miles  W^NW  of 
smelter 

3  7 

6148 

Sec.  22,  T.  5  N.,  R.  12  W.,  public  domain  not 
National    Forest,   about  8 J   miles    WNW   of 
smelter .' 

None 

6319 

Sec.  18,  T.  5  N.,  R.  12  W.,  public  domain  in 
National  Forest,  about  12J  miles   WNW  of 
smelter 

1.2 

6360 

Sec.  23,  T.  5  N.,  R.  13  W.,  National  Forest,  Weigle 
Hill,  about  15  miles  WNW  of  smelter 

1.2 
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From  these  data  it  will  be  seen  that  arsenic  was  found  in  consid- 
erable quantities  in  every  sample  of  range  grass  examined,  and  in 
most  cases  a  large  portion  of  the  arsenic  was  in  a  water-soluble  condi-' 
tion.  It  seems  hardly  necessary  to  add  that  such  grass  as  this  is  not 
fit  for  a  feed  for  animals, 

CONCLUSIONS. 

From  the  investigations  made  in  the  vicinity  of  Anaconda  during 
the  summer  of  1908  the  following  conclusions  relative  to  conditions 
at  that  time  may  be  drawn : 

(1)  The  forests  around  the  smelter  appeared  from  actual  chemical 
analysis  to  be  injured  for  at  least  10  miles  north  of  the  smelter,  11| 
miles  east  of  the  smelter,  9^  miles  south  of  the  smelter,  and  15  miles 
west  of  the  smelter. 

(2)  This  injury  to  forests  by  sulphur  dioxid  undoubtedly  extended 
to  a  distance  of  15  to  19  miles  north  of  the  smelter,  11|  to  14  miles 
east  of  the  smelter,  where  damage  from  the  Washoe  smelter  and  the 
Butte  smelters  probably  overlapped,  10  miles  south  of  the  smelter, 
and  18  to  19  miles  west  of  the  smelter.  The  damage  may  have 
extended  even  farther  in  certain  localities,  although  this  was  not 
proved  by  chemical  analysis. 

(3)  The  injury  to  forests  in  a  southerly  and  westerly  direction 
extended  farther  from  the  smelter  in  the  summer  of  1908  than  in  the 
summer  of  1906. 

(4)  As  in  the  previous  investigations,  it  was  noted  that  the  junipers 
were  very  resistant  to  smelter  fumes,  while  the  red  firs  were  very 
susceptible  and  were  badly  damaged  at  distances  of  from  18  to  19 
miles  from  the  smelter;  the  lodgepole  pines  were  damaged  for  at 
least  10  or  11  miles. 

(5)  Large  quantities  of  arsenic  were  discharged  from  the  smelter 
and  settled  on  the  grass  of  government  ranges  at  distances  as  great 
as  15  miles  from  the  smelter.  Such  arsenical  range  grasses  are  not  a 
suitable  feed  for  cattle. 

METHODS  OF  ANALYSIS  USED  IN  INVESTIGATIONS. 

FOLIAGE  OF  TREES. 

Moisture. <^ 
Dry  a  convenient  quantity  (about  2  grams)  of  the  substance  in  the  boiling-water 
bath  until  the  material  ceases  to  lose  weight. 

Ash.a 

Char  a  convenient  quantity  of  the  substance,  representing  about  2  grams,  at  the 
lowest  possible  heat.  Exhaust  the  charred  mass  with  water,  collect  the  insoluble 
residue  on  a  filter,  burn  till  the  ash  is  white  or  nearly  so,  and  then  add  the  filtrate  to 
the  ash  and  evaporate  to  dryness.     Heat  the  whole  to  low  redness  and  weigh. 
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Sulphur  trioxid.a 

Place  from  1.50  to  2.50  grams  of  material  in  a  nickel  crucible  of  about  100  cc  capacity 
and  moisten  with  approximately  2  cc  of  water.  Mix  thoroughly,  using  a  nickel  or 
platinum  rod.  Add  5  grams  of  pure  anhydrous  sodium  carbonate  and  mix.  Add  pure 
sodium  peroxid  (approximately  0.5  gram)  small  amounts  at  a  time,  thoroughly  mixing 
the  charge  after  each  addition.  Continue  adding  the  peroxid  until  the  mixture 
becomes  nearly  dry  and  quite  granular,  requiring  usually  about  5  grams  of  peroxid. 
Place  the  crucible  over  a  low  alcohol  flame  (or  other  flame  free  from  sulphur)  and 
carefully  heat,  with  occasional  stirring,  until  the  contents  are  fused.  (Should  the 
material  ignite  the  determination  is  worthless.)  After  fusion  remove  the  crucible, 
allow  to  cool  somewhat,  and  cover  the  hardened  mass  with  peroxid  to  a  depth  of  about 
0.5  cm .  Heat  gradually  and  finally  with  a  full  flame  until  complete  fusion  takes  place, 
rotating  the  crucible  from  time  to  time  in  order  to  bring  any  particles  adhering  to  the 
sides  into  contact  with  the  oxidizing  material.  Allow  to  remain  over  the  lamp  for 
ten  minutes  after  fusion  is  complete.  Cool  somewhat,  place  the  warm  crucible  and 
contents  in  a  600  cc  beaker  and  carefully  add  about  100  cc  of  water.  After  violent 
action  has  ceased,  wash  material  out  of  crucible,  make  slightly  acid  with  hydrochloric 
acid,  and  filter.  Determine  sulphates  by  precipitating  with  barium  chlorid  in  the 
ordinary  way. 

SOILS. 

Moisture. (I 

Dry  two  or  more  grams  in  a  tared  platinum  dish  for  five  hours  at  the  temperature 
of  boiling  water;  cover  the  dish,  cool  in  a  desiccator  and  weigh.  Repeat  heating, 
cooling,  and  weighing  at  intervals  of  two  hours,  until  the  material  ceases  to  lose 
weight.  Weigh  rapidly  to  avoid  absorption  of  moisture  from  the  air.  The  loss  of 
weight  is  reported  as  moisture. 

Sulphur  trioxid.a 

Digest  10  grams  of  soil  on  the  steam  bath  for  ten  hours  with  100  cc  of  hydrochloric 
acid  (sp.  gr.  1.115),  shaking  the  flask  every  hour.  Carry  on  this  digestion  in  an 
Erlenmeyer  flask,  provided  with  ground-glass  stopper  ending  in  a  reflux  tube  20 
inches  or  more  in  length.  Remove  from  the  bath  and  allow  to  settle.  Decant  the 
solution  into  a  porcelain  dish,  wash  the  insoluble  residue  onto  a  filter  with  hot  water, 
and  continue  the  washing  until  free  of  chlorids.  Add  the  washings  to  the  original 
solution,  oxidize  with  a  little  nitric  acid,  and  evaporate  to  dryness  on  a  water  bath. 
Take  up  with  hot  water  and  a  few  cubic  centimeters  of  hydrochloric  acid  and  again 
evaporate  to  dryness.  Again  add  water  and  sufficient  hydrochloric  acid  to  effect 
solution,  warm  and  filter,  washing  until  free  from  chlorids.  Again  evaporate  this 
filtrate  to  dryness,  take  up  with  a  little  hydrochloric  acid  and  water,  and  filter  to  a 
volume  of  500  cc.  Take  200  cc  of  the  above  solution  for  analysis,  evaporate  nearly 
to  dryness  to  expel  the  excess  of  acid,  dilute  with  distilled  water,  heat  to  boiling, 
and  precipitate  by  means  of  barium  chlorid.  Boil  for  about  five  minutes,  allow 
to  stand  in  a  warm  place  overnight,  filter,  and  determine  the  sulphur  trioxid  as 
barium  sulphate. 

Arsenic. 

Weigh  1  gram  of  soil  and  treat  with  25  cc  of  concentrated  arsenic-free  nitric  acid 
in  a  small  porcelain  evaporating  dish.  Cover  with  a  watch  glass  and  digest  on  the 
steam  bath  for  four  hours,  replacing  the  evaporated  acid  from  time  to  time.  Dilute 
the  solution,  filter,  and  wash  residue.     Return  filtrate  to  the  porcelain  dish,  add 
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3  to  5  cc  of  concentrated  arsenic-free  sulphuric  acid,  and  evaporate  on  the  steam 
bath  to  a  small  bulk.  Remove  from  the  steam  bath  and  treat  on  a  hot  plate  till, 
dense  white  fumes  arise.  Cool,  dilute,  boil,  and  filter  into  a  100  cc  flask.  Make  up 
to  the  mark  and  use  aliquot  portions  for  determining  arsenic  by  means  of  standard 
mirrors,  or  weighing  the  mirrors,  in  the  Marsh-Berzelius  apparatus,  which  method  is 
described  under  the  determination  of  arsenic  in  cattle-food  materials.  Test  all 
reagents  and  apparatus  by  running  a  blank  before  using  to  be  sure  of  absence  of  traces 
of  arsenic . 

Total  copper. 

Digest  10  grams  of  soil  on  the  steam  bath  for  four  hours  with  iOO  cc  of  25  per  cent 
nitric  acid,  using  a  porcelain  evaporating  dish  with  a  watch-glass  cover.  Dilute, 
filter  into  a  500  cc  flask,  cool,  and  make  up  to  the  mark.  Take  an  aliquot  of  200  cc  for 
analysis,  nearly  neutralize  with  ammonia,  heat,  and  pass  hydrogen  sulphid  through 
for  about  half  an  hour.  Filter  off  the  precipitate,  wash,  dry,  and  burn  in  a  porcelain 
crucible.  Add  nitric  acid  to  dissolve  the  precipitate  and  heat  till  the  copper  is  dis- 
solved. Filter  through  the  smallest  sized  filter  and  determine  copper  by  either  of  two 
methods  according  to  the  amount  of  this  element  present. 

If  copper  is  present  in  excess  of  2  or  3  milligrams,  proceed  as  follows:  Neutralize  the 
copper  solution  with  sodium  carbonate,  adding  a  trifling  excess  of  the  latter.  Add 
1  cc  of  ammonia  (sp.  gr.  0.960)  and  titrate  the  dark-blue  solution  to  the  disappearance 
of  the  blue  color  with  tenth-normal  potassium  cyanid  which  has  been  standardized 
against  a  known  amount  of  copper  by  exactly  the  same  method  as  that  just  described 
for  the  determination  of  the  copper  present. 

If  the  copper  is  present  in  very  minute  quantities,  proceed  as  follows:  Add  ammo- 
nium hydroxid  to  the  copper  solution  until  slightly  in  excess,  heat  on  the  steam  bath 
a  few  minutes,  filter  on  the  smallest  sized  filter,  wash,  and  evaporate  the  filtrate  in  a 
porcelain  dish  to  2  or  3  cc,  cool,  add  acetic  acid  a  drop  at  a  time  until  the  solution  is 
just  acid,  and  then  add  5  drops  of  4  per  cent  potassium  ferrocyanid.  Compare  this 
color  with  the  color  produced  by  treating  a  known  amount  of  copper  dissolved  in  a 
similar  amount  of  water  in  a  porcelain  dish  with  acetic  acid  and  potassium  ferrocyanid 
in  exactly  the  same  way  as  just  described. 

Water-soluble  copper. 

Weigh  out  100  grams  of  soil,  transfer  to  a  flask,  and  treat  with  1,000  cc  of  water. 
Shake  the  flask  occasionally  during  eight  hours,  then  let  stand  till  the  supernatant 
liquid  is  practically  clear.  Siphon  off  the  clear  liquid  and  filter.  Evaporate  a 
750  cc  aliquot  of  the  liquid  to  dryness,  take  up  the  residue  with  1  or  2  cc  of  nitric  acid 
by  the  aid  of  heat,  dilute,  and  filter.  Heat  the  filtrate,  pass  hydrogen  sulphid  through 
for  half  an  hour,  filter,  wash,  dry,  and  burn  the  filter,  and  precipitate  in  a  porcelain 
crucible.  Add  nitric  acid  to  dissolve  the  precipitate  and  heat  till  the  copper  is  dis- 
solved. Filter  through  the  smallest  sized  filter  and  determine  copper  by  one  of  the 
methods  described  above  under  "Total  copper." 

Soluble  salts. 

Weigh  out  50  grams  of  soil,  transfer  to  a  flask  and  treat  with  1,000  cc  of  water,  shake 
the  flask  occasionally  during  eight  hours,  and  let  stand  till  the  supernatant  liquid  is 
practically  clear.  Siphon  off  the  clear  liquid  and  filter.  Use  aliquots  of  the  above 
liquid  for  determining  carbonates,  bicarbonates,  chlorids,  sulphates,  calcium,  magne- 
sium, and  sodium. 

Follow  the  methods  given  for  determining  these  constituents  in  waters  in  Bulletin 
91,  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture,  except  in  one  particular, 
which  is  as  follows : 
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WTien  the  salts  are  obtained  in  a  hydrochloric-acid  solution,  ready  for  the  determina-  :.i 
tion  of  calcium,  magnesium,  and  sodium,  pass  through  hydrogen  sulphid  to  get  rid  of  !i 
copper.     Filter,  evaporate  to  dryness,  again  take  up  in  hydrochloric  acid,  and  deter-  ,i 

mine  calcium,  magnesium,  and  sodium  in  aliquots  of  this  solution.  \, 

jj 

'I 
Black  alkali  a  j| 

ii 

Solutions  required:  (1)  A  standard  N/50  sodium-carbonate  solution.     (2)  A  standard  \i. 

N/50  sulphuric  acid  solution.     (3)  A  solution  of  erythrosin  containing  0.25  gram  to  a  fi 

liter  of  water.     (4)  Chloroform.  Ii 

Method:  Transfer  200  cc  of  the  soil  extract,  obtained  as  in  the  preceding  method,   {l 

to  a  platinum  dish,  add  50  to  150  cc  of  standard  sodium  carbonate  according  to  the  \\ 

amount  of  soluble  salts  of  calcium  and  magnesium  present,  and  evaporate  to  dryness,   ji 

Rub  the  residue  up  with  distilled  carbon-dioxid-free  water,  transfer  to  a  100  cc  gradu-  ji 

ated  flask,  make  up  to  the  mark,  shake  thoroughly,  stopper,  and  allow  to  stand  until  ji 

clear.     When  clear,  carefully  remove  50  cc  without  disturbing  the  residue  in  the 

bottom  of  the  flask  and  transfer  to  the  titrating  bottle.     For  this  purpose  use  a  bottle 

of  the  best  colorless  glass  without  any  tinge  of  pink,  with  ground-glass  stopper  and  of 

about  250  cc  capacity.     Add  5  cc  of  chloroform  and  1  cc  of  erythrosin  and  titrate  the 

solution  with  the  standard  acid  until  the  color  disappears.     The  solution  should  be 

vigorously  shaken  after  each  addition  of  acid,  the  chloroform  producing  a  milky 

appearance,  which  makes  the  reading  of  the  end  point  sharp  and  certain. 

If  less  sulphuric  acid  is  required  than  that  necessary  to  balance  one-half  of  the 

sodium  carbonate  added,  it  is  evident  that  some  of  the  sodium  carbonate  has  been 

used  up  and  that  the  solution  originally  contained  no  black  alkali.     If,  on  the  other 

hand,  more  sulphuric  acid  is  required  than  that  equivalent  to  one-half  of  the  sodium 

carbonate  added,  then  black  alkali  was  originally  present  and  can  be  calculated  from 

the  amount  of  standard  sulphuric  acid  used  in  excess  of  that  necessary  to  neutralize 

one-half  the  sodium  carbonate  originally  added. 

WATERS. 

Total  copper. 

Shake  sample  thoroughly  till  well  mixed  with  sediment  and  use  500  cc  for  analysis. 
Evaporate  to  dryness  in  a  porcelain  dish  and  determine  total  copper  by  the  same 
methods  used  for  total  copper  in  soils. 


Soluble 


copper. 


Filter  off  1,000  to  2,000  cc  of  the  water  from  its  sediment.  Evaporate  to  dryness, 
take  up  with  1  or  2  cc  of  nitric  acid  by  the  aid  of  heat,  dilute,  filter,  and  determine 
soluble  copper  by  the  method  used  for  soluble  copper  in  soils. 

Soluble  salts. 

Filter  off  1,000  to  2,000  cc  of  the  water  from  its  sediment  and  determine  carbonates, 
bicarbonates,  chlorids,  sulphates,  calcium,  magnesium,  and  sodium  according  to  the 
methods  given  for  these  constituents  in  waters  in  Bulletin  91,  Bureau  of  Chemistry, 
U.  S.  Department  of  Agriculture. 

a  Skinner,  J.  Amer.  Chem.  Soc,  1906,  2S:  77. 
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CATTLE-FOOD   MATERIALS. 

Moisture. 
Use  the  method  given  for  determining  moisture  in  the  foliage  of  trees  (p.  57). 

Total  arsenic. 


Testing  reagents. — Make  a  blank  on  the  reagents  and  apparatus  by  boiling  down  100 
cc  of  nitric  acid  and  5  cc  of  sulphuric  acid  in  the  same  kind  of  flask  used  for  treating 
the  samples,  diluting  and  boiling  down  again  to  get  rid  of  final  traces  of  nitric  and 
nitrous  acid,  again  diluting  and  finally  running  for  two  hours  in  the  Marsh- Berzelius 
apparatus,  described  in  the  following  section. 

Apj)aratus. — This  consists  of  a  small  flask  with  a  wide  mouth,  holding  about  100  cc. 
Through  one  hole  of  a  rubber  stopper  a  separatory  funnel  passes  to  the  bottom  of  the 
flask.  Through  another  hole  in  the  rubber  stopper  passes  the  exit  tube,  which  is  in 
turn  joined  to  a  Liebig  bulb  containing  a  small  amount  of  a  solution  of  lead  acetate 
to  absorb  any  selenium,  tellurium,  or  sulphur.  This  in  turn  is  joined  to  a  calcium 
chlorid  tube,  which  is  then  attached  to  a  long  tube  of  very  resistant  glass.  This  glass 
tube  is  drawn  out  at  one  point  rather  small,  nearly  capillary,  and  the  heat  is  applied 
about  0.5  inch  before  the  drawn-out  portion.  Heat  with  two  Bunsen  burners,  neither 
of  which  plays  upon  the  glass  directly  but  upon  a  piece  of  fine  wire  gauze  wrapped 
around  the  glass.  When  preparing  this  apparatus  for  use,  add  about  3  grams  of 
arsenic-free  granulated  zinc  to  the  wide-mouthed  bottle  and  then  about  30  cc  of 
arsenic-free  sulphuric  acid  (1  to  8).  Let  the  apparatus  run  for  fifteen  minutes,  after 
which  apply  heat  for  approximately  twenty  minutes  'to  be  sure  that  no  arsenic  is 
present. 

The  apparatus  is  now  ready  for  the  addition  of  the  extract  from  the  cattle  food. 
Kun  in  and  allow  the  action  to  continue  for  from  one  to  two  hours.  Compare  mirror 
thus  formed  with  mirrors  containing  known  amounts  of  arsenic,  which  have  been 
previously  prepared  with  the  same  apparatus.  The  standard  mirrors  usually  contain 
the  following  amounts  of  arsenic:  0.005,  0.01,  0.02,  0.03,  0.04,  0.05,  0.06,  and  0.07 
mg  of  arsenic.  These  mirrors  should  be  in  sealed  tubes  and  be  remade  about  every 
three  weeks,  as  they  tend  to  fade  a  little  upon  standing.  When  not  in  use,  they 
should  be  kept  in  a  dark  place. 

In  case  a  larger  amount  than  0.07  mg  of  arsenic  is  obtained,  cut  off  that  part  of 
the  tube  where  the  mirror  is  deposited,  wipe  carefully,  and  place  in  a  desiccator. 
Then  weigh  on  an  assay  balance  capable  of  weighing  to  the  fifth  place.  Dip  the 
tube  in  sodium  hypochlorite  solution  to  dissolve  the  arsenic,  wash  with  distilled  water, 
then  with  alcohol,  and  finally  with  ether,  dry,  place  in  a  desiccator,  and  weigh  again. 
The  difference  in  the  two  weights  represents  the  arsenic  from  the  amount  of  material 
taken.  Both  of  these  weighings  must  be  made  with  the  utmost  care,  as  a  small  error 
at  this  point  will  cause  a  large  error  in  the  results. 

Standard  solution. — To  prepare  the  standard  solution,  dissolve  0.5  gram  of  dry 
chemically  pure  arsenious  oxid  in  a  sodium  carbonate  solution  (free  from  arsenic) 
by  boiling.  Make  weakly  acid  with  arsenic-free  sulphuric  acid  and  make  up  to  a 
liter.  Measure  out  such  a  quantity  of  this  solution  in  a  liter  flask  as  will  give  0.01 
gram  of  metallic  arsenic  and  make  up  to  the  mark.  Each  cubic  centimeter  of  this 
solution  represents  0.01  mg  of  arsenic  and  is  used  for  making  the  standard  mirrors. 

Method. — Weigh  1  to  3  grams  of  the  finely  ground  cattle  food,  according  to  the 
amount  of  arsenic  present,  and  transfer  to  a  200  cc  Jena  flask.  Add  25  cc  of  concen- 
trated arsenic-free  nitric  acid  and  5  cc  of  concentrated  arsenic-free  sulphuric  acid, 
allow  the  first  violent  action  to  subside,  and  then  put  on  an  iron  plate  and  gradually 
heat  to  boiling.  Continue  boiling  till  the  liquid  begins  to  darken.  When  this  occurs 
add  concentrated  arsenic-free  nitric  acid  in  quantities  of  3  cc  at  a  time,  until  on 
further  heating  it  continues  colorless  and  fumes  strongly  of  sulphuric  acid.     Cool, 
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dilute  with  10  cc  of  arsenic-free  water,  and  boil  to  break  up  the  nitro-sulphuric  acid 
formed.  WTien  cool,  dilute  with  water  and  deliver  into  the  Marsh-Berzelius  apparatus 
previously  described. 

Soluble  arsenic. 

Weigh  from  1  to  3  grams  of  the  finely  ground  cattle  food,  according  to  the  amount  of 
soluble  arsenic  present,  and  transfer  to  a  beaker.  Extract  on  the  steam  bath  with  50 
to  100  cc  of  water  for  four  hours.  Filter,  -wash,  and  evaporate  the  filtrate  to  a  small 
bulk.  Transfer  to  a  200  cc  Jena  flask  and  evaporate  to  only  a  few  cubic  centimeters. 
Add  25  cc  of  concentrated  arsenic-free  nitric  acid  and  5  cc  of  concentrated  arsenic-free 
sulphuric  acid,  and  proceed  as  in  the  preceding  method  for  total  arsenic. 

ORES. 

Sulphur.O' 

Treat  0.5  gram  of  the  ore  in  a  6-oz.  flask  with  10  cc  of  strong  nitric  acid.  Heat  very 
gently  until  the  red  fumes  have  somewhat  abated,  and  then  add  potassium  chlorate  in 
small  portions  at  a  time  (about  0.2  to  0.3  gram)  until  any  free  sulphur  that  has  separated 
is  entirely  oxidized  and  dissolved.  The  acid  should  not  be  boiled  violently,  nor 
should  it  simply  simmer.  When  the  sulphur  has  entirely  disappeared,  boil  the  solu- 
tion to  complete  dryness.  (This  may  be  hastened  by  manipulating  the  flask  over  a 
free  flame.)  After  cooling  cautiously  add  5  cc  of  strong  hydrochloric  acid.  If  iron 
oxid,  etc.,  still  remains  undissolved,  gentle  heat  the  hydrochloric  acid  mixture  until 
solution  is  as  complete  as  possible,  adding  more  acid  if  necessary.  Finally  boil  to 
dryness.  Repeat  this  operation.  Take  up  once  more  in  5  cc  of  hydrochloric  acid 
and  dilute  with  about  100  cc  of  hot  water.  Make  alkaline  with  ammonia  and  then 
add  10  cc  of  a  saturated  solution  of  ammonium  carbonate  in  order  to  convert  any  lead 
sulphate  present  to  carbonate  and  thus  render  the  combined  SO^  soluble  as  ammonium 
sulphate.  Heat  to  boiling,  allow  ferric  hydroxid,  etc.,  to  settle,  filter,  and  wash  very 
thoroughly  with  hot  water,  receiving  the  filtrate  in  a  large  beaker. 

Neutralize  with  hydrochloric  acid  and  add  5  cc  extra.  Dilute  to  about  300  cc  and 
precipitate  with  barium  chlorid  in  the  ordinary  way. 

Arsenica 

Thoroughly  mix  0.5  gram  of  the  finely  ground  ore  in  a  large  platinum  crucible  with 
5  grams  of  a  mixture  of  equal  parts  of  dry  sodium  carbonate  and  potassium  nitrate. 
Reserve  a  portion  of  the  mixed  salts  for  use  as  a  cover.  Heat  the  mass  gradually  over  a 
Bunsen  flame  to  complete  fusion.  Use  a  very  low  flame  at  first  and  take  plenty  of 
time  to  avoid  loss  of  arsenic  by  volatilization.  Finally  heat  to  the  full  power  of  the 
Bunsen  burner  until  thoroughly  decomposed.  The  melted  mass  should  finally  present 
a  smooth  and  homogeneous  appearance.  Cool,  extract  the  soluble  portion  by  heating 
with  water,  and  filter  and  wash  the  residue  with  hot  water.  Drop  a  piece  of  litmus 
paper  into  the  filtrate  and  make  slightly  acid  with  nitric  acid,  adding  enough  to  dis- 
solve any  precipitate  that  may  have  formed.  Add  a  sufficient  quantity  of  a  solution 
of  silver  nitrate,  which  will  usually  cause  a  white  precipitate  of  silver  chlorid,  and  then 
cautiously  add  ammonia  until,  if  arsenic  be  present,  a  reddish  precipitate  of  silver 
arsenate  appears.  If  too  much  ammonia  be  added  the  precipitate  first  formed  will 
redissolve  and  may  not  be  observed  at  all.  Cautiously  add  dilute  nitric  acid  until  the 
red  precipitate  just  redissolves.  To  the  faintly  acid  liquid  add  a  few  cubic  centi- 
meters of  a  strong  solution  of  sodium  acetate  to  replace  the  free  nitric  acid  by  acetic 
acid.    All  the  arsenic  will  now  at  once  precipitate  as  silver  arsenate  (Ag3As04). 

a  Low's  Technical  Methods  of  Ore  Analysis, 
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Heat  the  precipitated  mixture  to  boiling,  cool  to  room  temperature,  and  filter.  If 
the  first  portions  run  through  turbid,  return  them  to  the  filter.  Test  the  filtrate  with 
a  little  more  silver  nitrate  and  sodium  acetate.  Wash  the  precipitate  with  cold  water 
until  a  portion  of  the  washings  shows  only  a  faint  test  for  silver. 

Place  the  original  flask  under  the  funnel  and  dissolve  the  arsenate  on  the  filter  with 
cold  1:1  nitric  acid.  Wash  the  filter  thoroughly  with  cold  water,  leaving  behind  on  the 
filter  any  silver  chlorid  that  may  be  present.  Dilute  the  filtrate,  add  5  cc  of  a  strong 
solution  of  ammonium  ferric  alum  and  titrate  to  a  permanent  red  tinge  with  a  standard 
solution  of  ammonium  thiocyanate,  shaking  well,  especially  toward  the  end.  Multiply 
the  number  of  cubic  centimeters  required  by  the  arsenic  equivalent  of  each  cubic 
centimeter. 

Standardize  the  sulphocyanate  solution  against  a  known  weight  of  pure  silver 
dissolved  in  nitric  acid.  From  the  equivalent  of  each  cubic  centimeter  of  the  sul- 
phocyanate in  silver  the  equivalent  of  each  cubic  centimeter  in  arsenic  can  be 
calculated  from  the  formula  Ag3As04. 
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